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1
DISPLAY DEVICE HAVING BACKLIGHT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a display device and a
semiconductor device, and more particularly to a hold-type
display device such as a liquid crystal display device. The
present invention especially relates to a method for driving a
liquid crystal display device in which peak luminance is
controlled. Further, the present invention relates to an elec-
tronic device including such a display device for a display
portion.

2. Description of the Related Art

A liquid crystal display device has advantages such as
small thickness, lightness in weight, and low power consump-
tion as compared to a display device using a cathode-ray tube
(CRT). Further, since a liquid crystal display device can be
applied to a wide range of display devices from a small
display device including a display portion with a few inches
diagonal to a large display device including one with a diago-
nal of more than 100 inches, the liquid crystal display device
is widely used as a display device of a variety of electronic
devices such as a mobile phone, a still camera, a video cam-
era, and a television receiver.

Although thin display devices including liquid crystal dis-
play devices are starting to widely spread in recent years,
measures to improve the image quality still have been taken
because the image quality is not always satisfactory. For
example, as problems of the image quality of the liquid crys-
tal display device, the contrast ratio is reduced by faint light
emission at the time of black display, and a hold-type display
device (or a hold-driving display device) causes afterimages
and thus the moving image quality is reduced, for example.
Note that a hold-type display device is a display device in
which luminance is kept for one frame period with little
change. A display device such as a CRT, in which display is
performed by light emission that lasts only for an extremely
short time in one frame period, is referred to as an impulse-
type display device (or an impulse-driving display device) in
contrast to the hold-type display device.

It has been found that a peak luminance control method is
one technical factor in improving the quality of images dis-
played on a display device. The peak luminance is luminance
in a region (a high gray level region) which is part of a screen
when an image having high gray level data only for the part of
the screen (an image with high peak gray level) is displayed.
By increasing the peak luminance depending on the area of a
high gray level region or the like, the capability of expressing
brightness of night view, sparks, luster of metal, and the like
can be greatly improved, and the quality of images to be
displayed can be improved.

In a display device using a CRT, luminance of only part of
an image can be easily made higher, and thus, the capability
of expressing an image with high peak gray level is high.
Techniques to realize such display in a liquid crystal display
device are disclosed in Patent Documents 1 and 2, for
example.

REFERENCES

[Patent Document 1] Japanese Published Patent Application
No. 2004-062134

[Patent Document 2] Japanese Published Patent Application
No. 2004-258669

SUMMARY OF THE INVENTION

Patent Document 1 discloses that improvement in image
quality due to peak luminance modulation is realized by
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controlling intermittent driving of a backlight source in accor-
dance with average picture level (APL) of an image, and
reduction in quality of moving images by hold driving is
suppressed. Here, control of intermittent driving is specifi-
cally change of the time for displaying a black image in
accordance with APL. That is, the time for displaying a black
image is made longer as an image has higher APL (as the
general brightness of an image is increased), whereby the
luminance (the peak luminance) is lower. In contrast, the time
for displaying a black image is made shorter as an image has
lower APL (as the general brightness of an image is
decreased), whereby the luminance (the peak luminance) is
higher. In the technique disclosed in Patent Document 1, the
time for displaying a black image is short when an image is
generally dark; thus, an afterimage due to hold driving occurs,
which leads to a problem with the quality of moving images.

Patent Document 2 discloses that the peak luminance is
increased while faint light emission at the time of black dis-
play is suppressed by controlling the luminance of a backlight
as appropriate based on APL and the maximum gray level of
animage to be displayed, which are detected. In the technique
disclosed in Patent Document 2, control of faint light emis-
sion at the time of black display and increase in peak lumi-
nance cannot be realized at the same time. If the luminance of
the backlight is increased in order to increase the peak lumi-
nance, faint light emission at the time of black display is also
increased at the same time. That is, since the luminance of the
backlight is controlled only in accordance with an image as
appropriate, the contrast of still images cannot be improved.
Further, Patent Document 2 does not disclose any solution for
improving quality of moving images, which is one of major
problems that liquid crystal display devices have.

Inview of the foregoing problems, an object of an embodi-
ment of the present invention is to improve the image quality
when still images and moving images are displayed. Another
object of an embodiment of the present invention is to
improve the contrast ratio when still images and moving
images are displayed. Another object of an embodiment of the
present invention is to increase the viewing angle when still
images and moving images are displayed. Still another object
of' an embodiment of the present invention is to increase the
response speed when still images and moving images are
displayed. Another object of an embodiment of the present
invention is to reduce power consumption when still images
and moving images are displayed. Another object of an
embodiment of the present invention is to reduce manufac-
turing costs.

One embodiment of the present invention is a display
device including a plurality of pixels. In each pixel, a plurality
of subframe periods are provided in one frame period, and
gray level of the pixel is expressed in accordance with time
integration level of instantaneous luminances expressed in
the plurality of subframe periods. The time integration level is
increased as the level of gray level data of the pixel is higher.
The time integration level is increased as the average value of
gray level data of an original image is smaller. The plurality of
subframe periods are equal in length.

In another embodiment of the present invention, the time
integration level is increased with respect to the gray level
data by power law.

In another embodiment of the present invention, the aver-
age value of the gray level data of the original image is
obtained by averaging gray levels of some of pixels among
the plurality of pixels.

One embodiment of the present invention is a display
device including a plurality of pixels. In each pixel, a first
subframe period and a second subframe period are provided
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in one frame period, and gray level of the pixel is expressed in
accordance with time integration level of first instantaneous
luminance expressed in the first subframe period and second
instantaneous luminance expressed in the second subframe
period. The time integration level is increased as the level of
gray level data of the pixel is higher. The time integration level
is increased as the average value of gray level data of an
original image is smaller. The first subframe period and the
second subframe period are equal in length.

In another embodiment of the present invention, when the
average value of the gray level data of the original image is
larger than a predetermined value, black display is performed
in the plurality of pixels in the second subframe period.

Still another embodiment of the present invention is a
display device including an image feature amount detection
portion having a function of detecting gray level data distri-
bution of gray level data of an inputted original image; a scale
factor determination portion having a function of determining
a scale factor in accordance with the gray level data distribu-
tion detected by the image feature amount detection portion;
a gray level data conversion portion having a function of
converting the gray level data of the original image into gray
level data of a first subimage and gray level data of a second
subimage in accordance with the scale factor determined by
the scale factor determination portion; and a display portion
having a function of displaying the first subimage and the
second subimage.

Note that various types of switches can be used as a switch.
Examples are an electrical switch and a mechanical switch.
That is, there is no particular limitation on the kind of switch
as long as it can control the flow of current. For example, a
transistor (e.g., a bipolar transistor or a MOS transistor), a
diode (e.g., a PN diode, a PIN diode, a Schottky diode, a
metal-insulator-metal (MIM) diode, a metal-insulator-semi-
conductor (MIS) diode, or a diode-connected transistor), or
the like can be used as a switch. Alternatively, a logic circuit
combining such elements can be used as a switch.

As examples of mechanical switches, there is a switch
formed by a micro electro mechanical system (MEMS) tech-
nology, such as a digital micromirror device (DMD). Such a
switch includes an electrode which can be moved mechani-
cally, and operates to control electrical connection or non-
electrical-connection with the movement of the electrode.

When a transistor is used as a switch, a polarity (a conduc-
tivity type) of the transistor is not particularly limited because
it operates as a mere switch. Note that a transistor of polarity
with smaller off-current is preferably used when the off-
current should be small. Examples of a transistor with smaller
off-current are a transistor provided with an LDD region and
a transistor with a multi-gate structure. Further, an n-channel
transistor is preferably used when the transistor operates with
a potential of a source terminal closer to a potential of a low
potential side power supply (e.g., Vss, GND, or 0 V). On the
other hand, a p-channel transistor is preferably used when the
transistor operates with a potential of a source terminal close
to apotential of a high potential side power supply (e.g., Vdd).
This is because when the n-channel transistor operates with
the potential of the source terminal close to a low potential
side power supply or the p-channel transistor operates with
the potential of the source terminal close to a high potential
side power supply, an absolute value of a gate-source voltage
can be increased; thus, the transistor can more precisely oper-
ate as a switch. Moreover, this is because reduction in output
voltage does not often occur because the transistor does not
often perform a source follower operation.

Note that a CMOS switch may be employed as a switch by
using both n-channel and p-channel transistors. By employ-
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ing a CMOS switch, the transistor can more precisely operate
as a switch because a current can flow when either the p-chan-
nel transistor or the n-channel transistor is turned on. For
example, even when a voltage of an input signal to a switch is
high or low, an appropriate voltage can be outputted. Further,
since a voltage amplitude value of a signal for turning on or
off the switch can be made small, power consumption can be
reduced.

Note that when a transistor is employed as a switch, the
switch includes an input terminal (one of a source terminal
and a drain terminal), an output terminal (the other of the
source terminal and the drain terminal), and a terminal for
controlling electrical connection (a gate terminal). On the
other hand, when a diode is employed as a switch, the switch
does not have a terminal for controlling electrical connection
in some cases. Therefore, when a diode is used as a switch, the
number of wirings for controlling terminals can be more
reduced than the case of using a transistor.

Note that when it is explicitly described that A and B are
connected, the case where A and B are electrically connected,
the case where A and B are functionally connected, and the
case where A and B are directly connected are included
therein. Here, each of A and B is an object (e.g., a device, an
element, a circuit, a wiring, an electrode, a terminal, a con-
ductive film, or a layer). Accordingly, another element may be
provided in the connections shown in the drawings and texts,
without being limited to a predetermined connection, for
example, the connection shown in the drawings and texts.

For example, when A and B are electrically connected, one
or more elements that enable electrical connection between A
and B (e.g., a switch, a transistor, a capacitor, an inductor, a
resistor, or a diode) may be connected between A and B. In
addition, when A and B are functionally connected, one or
more circuits that enable functional connection between A
and B (e.g., alogic circuit such as an inverter, a NAND circuit,
or a NOR circuit; a signal converter circuit such as a DA
converter circuit, an AD converter circuit, or a gamma cor-
rection circuit; a potential level converter circuit such as a
power supply circuit (e.g., a step-up voltage circuit or a step-
down voltage circuit) or a level shifter circuit for changing a
potential level of a signal; a voltage source; a current source;
aswitching circuit; or an amplifier circuit such as a circuit that
can increase signal amplitude, the amount of current, or the
like (e.g., an operational amplifier, a differential amplifier
circuit, a source follower circuit, or a buffer circuit), a signal
generating circuit, a memory circuit, or a control circuit) may
be connected between A and B. For example, when a signal
outputted from A is transmitted to B, it can be said that A and
B are functionally connected even if another circuit is pro-
vided between A and B.

Note that when it is explicitly described that A and B are
electrically connected, the case where A and B are electrically
connected (i.e., the case where A and B are connected with
another element or another circuit provided therebetween),
the case where A and B are functionally connected (i.e., the
case where A and B are functionally connected with another
circuit provided therebetween), and the case where A and B
are directly connected (i.e., the case where A and B are
connected without another element or another circuit pro-
vided therebetween) are included therein. That is, when it is
explicitly described that A and B are electrically connected,
the description is the same as the case where it is explicitly
only described that A and B are connected.

Note that a display element, a display device which is a
device including a display element, a light-emitting element,
and a light-emitting device which is a device including a
light-emitting element can employ a variety of modes and
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include a variety of elements. For example, a display element,
a display device, a light-emitting element, and a light-emit-
ting device can include a display medium in which contrast,
luminance, reflectivity, transmissivity, or the like is changed
by an electromagnetic action, such as an EL (electrolumines-
cent) element (e.g., an EL element including organic and
inorganic materials, an organic EL. element, or an inorganic
EL element), an LED (e.g., a white LED, a red LED, a green
LED, or a blue LED), a light-emitting transistor (e.g., a tran-
sistor that emits light corresponding to a current), an electron
emitter, a liquid crystal element, electronic ink, an electro-
phoresis element, a grating light valve (GLV), a plasma dis-
play panel (PDP), a digital micromirror device (DMD), a
piezoelectric ceramic display, or a carbon nanotube can be
used. Note that display devices using an EL element include
an EL display; display devices using an electron emitter
include a field emission display (FED) and an SED (surface-
conduction electron-emitter display) flat panel display; dis-
play devices using a liquid crystal element include a liquid
crystal display (e.g., a transmissive liquid crystal display, a
transflective liquid crystal display, a reflective liquid crystal
display, a direct-view liquid crystal display, or a projection
type liquid crystal display); and display devices using elec-
tronic ink or an electrophoresis element include electronic
paper in their respective categories.

An EL element is an element including an anode, a cath-
ode, and an EL layer interposed between the anode and the
cathode. The EL layer can be, for example, a layer utilizing
emission from a singlet exciton (fluorescence) or a triplet
exciton (phosphorescence), a layer utilizing emission from a
singlet exciton (fluorescence) and emission from a triplet
exciton (phosphorescence), a layer including an organic
material or an inorganic material, a layer including an organic
material and an inorganic material, a layer including a high
molecular material or a low molecular material, and a layer
including a low molecular material and a high molecular
material. Note that the ELL element can include a variety of
layers as the EL layer without limitation to those described
above.

An electron emitter is an element in which electrons are
extracted by high electric field concentration on a cathode.
For example, the electron emitter can be any one of a Spindt-
type, a carbon nanotube (CNT) type, a metal-insulator-metal
(MIM) type including a stack of a metal, an insulator, and a
metal, a metal-insulator-semiconductor (MIS) type including
a stack of a metal, an insulator, and a semiconductor, a MOS
type, a silicon type, a thin film diode type, a diamond type, a
surface conductive emitter SCD type, a thin film type in
which a metal, an insulator, a semiconductor, and a metal are
stacked, a HEED type, an EL type, a porous silicon type, a
surface-conduction electron-emitter (SCD) type, and the like.
Note that various elements can be used as an electron emitter
without limitation to those described above.

A liquid crystal element is an element that controls trans-
mission or non-transmission of light by an optical modulation
action of liquid crystal and includes a pair of electrodes and
liquid crystal. The optical modulation action of liquid crystal
is controlled by an electric filed (including a lateral electric
field, a vertical electric field and a diagonal electric field)
applied to the liquid crystal. The following liquid crystal can
be used for a liquid crystal element: nematic liquid crystal,
cholesteric liquid crystal, smectic liquid crystal, discotic lig-
uid crystal, thermotropic liquid crystal, lyotropic liquid crys-
tal, low molecular liquid crystal, high molecular liquid crys-
tal, polymer dispersed liquid crystal (PDLC), ferroelectric
liquid crystal, anti-ferroelectric liquid crystal, main chain
type liquid crystal, side chain type polymer liquid crystal,
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plasma addressed liquid crystal (PALC), banana-shaped lig-
uid crystal, a TN (twisted nematic) mode, an STN (super
twisted nematic) mode, an IPS (in-plane-switching) mode, an
FFS (fringe field switching) mode, an MVA (multi-domain
vertical alignment) mode, a PVA (patterned vertical align-
ment) mode, an ASV (advanced super view) mode, an ASM
(axially symmetric aligned microcell) mode, an OCB (optical
compensated birefringence) mode, an ECB (electrically con-
trolled birefringence) mode, an FL.C (ferroelectric liquid
crystal) mode, an AFLC (anti-ferroelectric liquid crystal)
mode, a PDLC (polymer dispersed liquid crystal) mode, and
a guest-host mode. Note that various kinds of liquid crystal
elements can be used without limitation to those described
above.

Electronic paper corresponds to devices that display
images by molecules which utilize optical anisotropy, dye
molecular orientation, or the like; by particles which utilize
electrophoresis, particle movement, particle rotation, phase
change, or the like; by moving one end of a film; by using
coloring properties or phase change of molecules; by using
optical absorption by molecules; and by using self-light emis-
sion by bonding electrons and holes. For example, the fol-
lowing can be used for the electronic paper: microcapsule
electrophoresis, horizontal electrophoresis, vertical electro-
phoresis, a spherical twisting ball, a magnetic twisting ball, a
columnar twisting ball, a charged toner, electro liquid pow-
der, magnetic electrophoresis, a magnetic thermosensitive
type, an electrowetting type, a light-scattering (transparent-
opaque change) type, cholesteric liquid crystal and a photo-
conductive layer, a cholesteric liquid crystal device, bistable
nematic liquid crystal, ferroelectric liquid crystal, a liquid
crystal dispersed type with a dichroic dye, a movable film,
coloring and decoloring properties of a leuco dye, a photo-
chromic material, an electrochromic material, an elec-
trodeposition material, flexible organic EL, and the like. Note
that various types of electronic papers can be used without
limitation to those described above. By using microcapsule
electrophoresis, problems of electrophoresis, that is, aggre-
gation or precipitation of phoresis particles can be solved.
Electro liquid powder has advantages such as high-speed
response, high reflectivity, wide viewing angle, low power
consumption, and memory properties.

A plasma display includes a substrate having a surface
provided with an electrode, and a substrate having a surface
provided with an electrode and a minute groove in which a
phosphor layer formed. In the plasma display, the substrates
are opposite to each other with a narrow interval, and a rare
gas is sealed therein. Alternatively, a plasma display can have
a structure in which a plasma tube is interposed between
film-shaped electrodes. A plasma tube is such that a discharge
gas, fluorescent materials for RGB, and the like are sealed in
a glass tube. Display can be performed by applying a voltage
between the electrodes to generate an ultraviolet ray so that
the fluorescent materials emit light. Note that the plasma
display panel may be a DC type PDP or an AC type PDP. As
a driving method of the plasma display panel, AWS (address
while sustain) driving, ADS (address display separated) driv-
ing in which a subframe is divided into a reset period, an
address period, and a sustain period, CLEAR (high-contrast,
low energy address and reduction of false contour sequence)
driving, ALIS (alternate lighting of surfaces) method, TERES
(technology of reciprocal sustainer) driving, and the like can
be used. Note that various types of plasma displays can be
used without limitation to those described above.

Electroluminescence, a cold cathode fluorescent lamp, a
hot cathode fluorescent lamp, an LED, a laser light source, a
mercury lamp, or the like can be used for a light source needed
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for a display device, such as a liquid crystal display device (a
transmissive liquid crystal display, a transflective liquid crys-
tal display, a reflective liquid crystal display, a direct-view
liquid crystal display, and a projection type liquid crystal
display), a display device using a grating light valve (GLV),
and a display device using a digital micromirror device
(DMD). Note that a variety of light sources can be used
without limitation to those described above.

Note that as a transistor, various types of transistors can be
used without being limited to a certain type. For example, a
thin film transistor (TFT) including a non-single-crystal
semiconductor film typified by amorphous silicon, polycrys-
talline silicon, microcrystalline (also referred to as microc-
rystal or semi-amorphous) silicon, or the like can be used. The
use of such TFTs has various advantages. For example, since
TFTs can be formed at temperature lower than those using
single crystalline silicon, manufacturing costs can be reduced
and a manufacturing device can be made larger. Since the
manufacturing device can be made larger, the TFTs can be
formed using a large substrate. Therefore, a large number of
display devices can be formed at the same time, and thus can
be formed at low cost. In addition, since the manufacturing
temperature is low, a substrate having low heat resistance can
be used. Accordingly, the transistor can be formed over a
light-transmitting substrate. Moreover, transmission of light
in a display element can be controlled by using the transistors
formed using the light-transmitting substrate. Further, part of
a film included in the transistor can transmit light because the
transistor is thin. Accordingly, the aperture ratio can be
increased.

When polycrystalline silicon is formed, the use of a cata-
lyst (e.g., nickel) enables further improvement in crystallinity
and formation of a transistor with excellent electrical charac-
teristics. Accordingly, a gate driver circuit (e.g., a scan line
driver circuit), a source driver circuit (e.g., a signal line driver
circuit), and a signal processing circuit (e.g., a signal genera-
tion circuit, a gamma correction circuit, or a DA converter
circuit) can be formed over one substrate.

In addition, when microcrystalline silicon is formed, the
use of a catalyst (e.g., nickel) enables further improvement in
crystallinity and formation of a transistor with excellent elec-
trical characteristics. At this time, the crystallinity can be
improved by performing only heat treatment without laser
irradiation. Thus, part of a source driver circuit (e.g., an
analog switch) and a gate driver circuit (e.g., a scan line driver
circuit) can be formed over one substrate. Further, when laser
irradiation for crystallization is not performed, unevenness of
silicon crystallinity can be suppressed. Accordingly, an image
with improved image quality can be displayed.

Note that polycrystalline silicon and microcrystalline sili-
con can be formed without using a catalyst (such as nickel).

The crystallinity of silicon is preferably enhanced to poly-
crystallinity or microcrystallinity in the entire panel, but not
limited thereto. The crystallinity of silicon may be improved
only in part of the panel. The selective increase in crystallinity
can be achieved by selective laser irradiation or the like. For
example, only a peripheral driver circuit region excluding
pixels may be irradiated with laser light. Alternatively, only a
region of a gate driver circuit, a source driver circuit, or the
like may be irradiated with laser light. Further alternatively,
only part of a source driver circuit (e.g., an analog switch)
may be irradiated with laser light. As a result, the crystallinity
of'silicon only in a region in which a circuit needs to operate
at high speed can be improved. Since pixel region does not
especially need to operate at high speed, the pixel circuit can
operate without problems even if the crystallinity is not
improved. A region crystallinity of which is improved is
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small, whereby manufacturing steps can be reduced, the
throughput can be increased, and manufacturing costs can be
reduced. Since the number of manufacturing devices needed
is small, manufacturing costs can be reduced.

A transistor can be formed using a semiconductor sub-
strate, an SOI substrate, or the like. Accordingly, a transistor
with few variations in characteristics, sizes, shapes, or the
like, with high current supply capability, and with a small size
can be formed. By using such transistors, power consumption
of a circuit can be reduced or a circuit can be highly inte-
grated.

In addition, a transistor including a compound semicon-
ductor or an oxide semiconductor, such as ZnO, a-InGaZnO,
SiGe, GaAs, 1Z0, ITO, or SnO, and a thin film transistor or
the like obtained by thinning such a compound semiconduc-
tor or oxide semiconductor can be used. Accordingly, the
manufacturing temperature can be lowered and for example,
such a transistor can be formed at room temperature. Thus,
the transistor can be formed directly on a substrate having low
heat resistance, such as a plastic substrate or a film substrate.
Note that such a compound semiconductor or oxide semicon-
ductor can be used for not only a channel portion of a tran-
sistor but also for other applications. For example, such a
compound semiconductor or oxide semiconductor can be
used for a resistor, a pixel electrode, or a light-transmitting
electrode. Further, since such an element can be formed at the
same time as the transistor, the costs can be reduced.

Transistors or the like formed by an inkjet method or a
printing method can also be used. Accordingly, transistors
can be formed at room temperature, can be formed at a low
vacuum, or can be formed using a large substrate. Since such
transistors can be formed without a mask (a reticle), the
layout of the transistors can be easily changed. Moreover,
since it is not necessary to use a resist, the material costs are
reduced and the number of steps can be reduced. Further,
since a film is formed where needed, the material is not
wasted compared to a manufacturing method in which etch-
ing is performed after a film is formed over the entire surface,
so that the costs can be reduced.

Further, transistors or the like including an organic semi-
conductor or a carbon nanotube can be used. Accordingly,
such transistors can be formed over a flexible substrate. A
semiconductor device using such a substrate can resist a
shock.

In addition, various types of transistors can be used. For
example, a MOS transistor, a junction transistor, a bipolar
transistor, or the like can be employed. Since a MOS transis-
tor has a small size, a large number of transistors can be
mounted. The use of a bipolar transistor can allow a large
current to flow; thus, a circuit can operate at high speed.

Further, a MOS transistor, a bipolar transistor, and the like
may be formed on one substrate. Thus, low power consump-
tion, reduction in size, and high-speed operation can be
achieved.

Furthermore, various transistors other than the above tran-
sistors can be used.

Note that transistor can be formed using various types of
substrates. The type of a substrate is not limited to a certain
type. For example, a single crystalline substrate, an SOI sub-
strate, a glass substrate, a quartz substrate, a plastic substrate,
a stainless steel substrate, a substrate including a stainless
steel foil, or the like can be used as the substrate. In addition,
the transistor may be formed using one substrate, and then
transferred to another substrate. As a substrate to which the
transistor is transferred, a single crystalline substrate, an SOI
substrate, a glass substrate, a quartz substrate, a plastic sub-
strate, a paper substrate, a cellophane substrate, a stone sub-
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strate, a wood substrate, a cloth substrate (including a natural
fiber (e.g., silk, cotton, or hemp), a synthetic fiber (e.g., nylon,
polyurethane, or polyester), a regenerated fiber (e.g., acetate,
cupra, rayon, or regenerated polyester), or the like), a leather
substrate, a rubber substrate, a stainless steel substrate, a
substrate including a stainless steel foil, or the like can be
used. Alternatively, a skin (e.g., epidermis or corium) or
hypodermal tissue of an animal such as a human may be used
as the substrate. Further, the transistor may be formed using a
substrate, and the substrate may be thinned by polishing. As
the substrate to be polished, a single crystalline substrate, an
SOI substrate, a glass substrate, a quartz substrate, a plastic
substrate, a stainless steel substrate, a substrate made of a
stainless steel foil, or the like can be used. By using such a
substrate, transistors with excellent properties or transistors
with low power consumption can be formed, a device with
high durability or high heat resistance can be formed, or
reduction in weight or thinning can be achieved.

Note that a structure of a transistor can employ various
modes without being limited to a specific stricture. For
example, a multi-gate structure having two or more gate
electrodes can be used. When the multi-gate structure is used,
a structure where a plurality of transistors are connected in
series is provided because channel regions are connected in
series. With the multi-gate structure, the off-current can be
reduced and the withstand voltage of the transistor can be
increased (the reliability can be improved). Further, by
employing the multi-gate structure, a drain-source current
does not change much even if a drain-source voltage changes
when the transistor operates in a saturation region; thus, the
slope of voltage-current characteristics can be flat. By utiliz-
ing the characteristics that the slope of the voltage-current
characteristics is flat, an ideal current source circuit or an
active load having an extremely high resistance value can be
provided. Accordingly, a differential circuit or a current mir-
ror circuit which has excellent properties can be provided.

As another example, a structure where gate electrodes are
formed above and below a channel can be used. By employ-
ing the structure where gate electrodes are formed above and
below the channel, a channel region is enlarged; thus, a cur-
rent value can be increased. Alternatively, by employing the
structure where gate electrodes are formed above and below
the channel, a depletion layer is easily formed; thus, a sub-
threshold swing (an S value) can be reduced. When the gate
electrodes are formed above and below the channel, a struc-
ture where a plurality of transistors are connected in parallel
is provided.

Further, a structure where a gate electrode is formed above
or below a channel, a staggered structure, an inverted stag-
gered structure, a structure where a channel region is divided
into a plurality of regions, a structure where channel regions
are connected in parallel or in series can also be employed. In
addition, a source electrode or a drain electrode may overlap
with a channel region (or part of it). By using the structure
where the source electrode or the drain electrode may overlap
with the channel region (or part of it), unstable operation due
to electric charge accumulated in part of the channel region
can be prevented. Further, an LDD region may be provided.
By providing the L.DD region, the off-current can be reduced
or the withstand voltage of the transistor can be increased (the
reliability can be improved). Alternatively, by providing the
LDD region, a drain-source current does not change much
even if a drain-source voltage changes when a transistor oper-
ates in the saturation region, so that a slope of voltage-current
characteristics can be flat.

Various types of transistors can be used, and the transistors
can be formed using various types of substrates. Accordingly,
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all of the circuits which are necessary to realize a desired
function can be formed using one substrate. For example, all
of the circuits which are necessary to realize a desired func-
tion can be formed using a glass substrate, a plastic substrate,
a single crystalline substrate, an SOI substrate, or any other
substrate. When all of the circuits which are necessary to
realize a desired function are formed using one substrate, the
number of components can be reduced to cut the costs or the
number of connections between circuit components can be
reduced to improve reliability. Alternatively, part of the cir-
cuits which are necessary to realize a desired function can be
formed using one substrate, and another part of the circuits
which are necessary to realize a desired function can be
formed using another substrate. That is, not all of the circuits
which are necessary to realize a desired function are neces-
sary to be formed using the same substrate. For example, part
of the circuits which are necessary to realize a desired func-
tion can be formed over a glass substrate using transistors,
another part of the circuits which are necessary to realize the
desired function can be formed using a single crystalline
substrate, and an IC chip including transistors formed using
the single crystalline substrate can be connected to the glass
substrate by COG (chip on glass) so that the IC chip is pro-
vided over the glass substrate. Alternatively, the IC chip can
be connected to the glass substrate by TAB (tape automated
bonding) or a printed wiring board. When part of the circuits
are formed using the same substrate in such a manner, the
number of the components can be reduced to cut the costs or
the number of connections between the circuit components
can be reduced to improve reliability. In addition, circuits in a
portion with high driving voltage or a portion with high driv-
ing frequency consume large power. Accordingly, the circuits
in such portions are formed using a single crystalline sub-
strate, for example, instead of using the same substrate, and
an IC chip formed by the circuit is used; thus, increase in
power consumption can be prevented.

Note that one pixel corresponds to one element whose
brightness can be controlled. For example, one pixel corre-
sponds to one color element, and brightness is expressed with
one color element. Accordingly, in a color display device
having color elements of R (red), G (green) and B (blue), the
minimum unit of an image is composed of three pixels of an
R pixel, a G pixel, and a B pixel. Note that the color elements
are not limited to three colors, and color elements of more
than three colors may be used and/or a color other than RGB
may be used. For example, it is possible to add white so that
RGBW (W means white) are used. Alternatively, RGB added
with one or more colors of yellow, cyan, magenta, emerald
green, vermilion, and the like can be used. Further, a color
similar to at least one of R, G, and B can be added to RGB. For
example, R, G, B1, and B2 may be employed. Although both
B1 and B2 are blue, they have slightly different frequencies.
Similarly, R1, R2, G, and B can be used. By using such color
elements, display which is closer to a real object can be
performed, and power consumption can be reduced. As
another example, when brightness of one color element is
controlled by a plurality of regions, one region can corre-
spond to one pixel. For example, when area ratio grayscale
display is performed or a subpixel is included, a plurality of
regions which control brightness are provided in one color
element and gray levels are expressed with all of the regions,
and one region which controls brightness can correspond to
one pixel. In that case, one color element is formed of a
plurality of pixels. Alternatively, even when a plurality of the
regions which control brightness are provided in one color
element, these regions may be collected and one color ele-
ment may be referred to as one pixel. In that case, one color
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element is formed of one pixel. In addition, when brightness
of'one color element is controlled by a plurality of regions, the
size of regions which contribute to display may vary depend-
ing on pixels in some cases. Alternatively, in a plurality of the
regions which control brightness in one color element, signals
supplied to respective regions may slightly vary to widen a
viewing angle. That is, potentials of pixel electrodes included
in the plurality of the regions in one color element can be
different from each other. Accordingly, voltages applied to
liquid crystal molecules vary depending on the pixel elec-
trodes. Thus, the viewing angle can be widened.

Note that when it is explicitly described as one pixel (for
three colors), it corresponds to the case where three pixels of
R, G, and B are considered as one pixel. Meanwhile, when it
is explicitly described as one pixel (for one color), it corre-
sponds to the case where a plurality of regions provided in
each color element are collectively considered as one pixel.

Note that pixels are provided (arranged) in matrix in some
cases. Here, description that pixels are provided (arranged) in
matrix includes the case where the pixels are arranged in a
straight line or a jagged line in a longitudinal direction or a
lateral direction. Therefore, when full color display with three
color elements (e.g., RGB) is performed, the following cases
are included therein: the case where the pixels are arranged in
stripes, the case where dots of the three color elements are
arranged in a delta pattern, and the case where dots of the
three color elements are provided in Bayer arrangement. Fur-
ther, the sizes of display regions may be different between
respective dots of color elements. Thus, power consumption
can be reduced and the life of a display element can be
prolonged.

An active matrix method in which an active element is
included in a pixel or a passive matrix method in which an
active element is not included in a pixel can be used.

In the active matrix method, as an active element (a non-
linear element), a variety of active elements (non-linear ele-
ments) such as a metal-insulator-metal (MIM) and a thin film
diode (TFD) can be used in addition to a transistor. Since such
an element needs a smaller number of manufacturing steps,
manufacturing costs can be reduced or a yield can be
improved. Further, since the size of such an element is small,
the aperture ratio can be increased, so that power consump-
tion can be reduced and higher luminance can be achieved.

As a method other than the active matrix method, the
passive matrix method in which an active element (a non-
linear element) is not used can also be used. Since an active
element (a non-linear element) is not used, the manufacturing
steps are fewer, so that manufacturing costs can be reduced or
the yield can be improved. Further, since an active element (a
non-linear element) is not used, the aperture ratio can be
improved, so that power consumption can be reduced and
high luminance can be achieved.

Note that a transistor is an element having at least three
terminals of a gate, a drain, and a source. The transistor
includes a channel region between a drain region and a source
region, and a current can flow through the drain region, the
channel region, and the source region. Here, since the source
and the drain of the transistor may change depending on the
structure, operating conditions, and the like of the transistor,
it is difficult to define which is a source or a drain. Therefore,
a region functioning as a source and a drain is not called the
source or the drain in some cases. In that case, such regions
may be referred to as a first terminal and a second terminal, a
first electrode and a second electrode, or a first region and a
second region, for example.

Further, a transistor may be an element having at least three
terminals of a base, an emitter, and a collector. In this case
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also, one of the emitter and the collector may be referred to as
a first terminal and a second terminal, for example.

A gate corresponds to the whole or part of a gate electrode
and a gate wiring (also called a gate line, a gate signal line, a
scan line, a scan signal line, or the like). A gate electrode
corresponds to part of a conductive film that overlaps with a
semiconductor which forms a channel region with a gate
insulating film interposed therebetween. Note that in some
cases, part of the gate electrode overlaps with an LDD (lightly
doped drain) region, a source region (or a drain region) with
the gate insulating film interposed therebetween. A gate wir-
ing corresponds to a wiring for connecting gate electrodes of
transistors, a wiring for connecting gate electrodes in pixels,
or a wiring for connecting a gate electrode to another wiring.

However, there is a portion (a region, a conductive film, a
wiring, or the like) which functions as both a gate electrode
and a gate wiring. Such a portion (a region, a conductive film,
a wiring, or the like) may be called either a gate electrode or
a gate wiring. That is, there is a region where a gate electrode
and a gate wiring cannot be clearly distinguished from each
other. For example, when a channel region overlaps with part
of an extended gate wiring, the overlapped portion (region,
conductive film, wiring, or the like) functions as both a gate
wiring and a gate electrode. Accordingly, such a portion (a
region, a conductive film, a wiring, or the like) may be called
either a gate electrode or a gate wiring.

In a multi-gate transistor, for example, a gate electrode is
often connected to another gate electrode by using a conduc-
tive film which is formed of the same material as the gate
electrodes. Since such a portion (a region, a conductive film,
a wiring, or the like) is a portion (a region, a conductive film,
a wiring, or the like) for connecting the gate electrode to
another gate electrode, it may be called a gate wiring. Alter-
natively, it may be called a gate electrode because a multi-gate
transistor can be considered as one transistor. That is, a por-
tion (a region, a conductive film, a wiring, or the like) which
is formed of the same material as a gate electrode or a gate
wiring and forms the same island as the gate electrode or the
gate wiring to be connected to the gate electrode or the gate
wiring may be called either a gate electrode or a gate wiring.
In addition, for example, part of a conductive film which
connects a gate electrode and a gate wiring and is formed of
amaterial different from that of the gate electrode and the gate
wiring may also be called either a gate electrode or a gate
wiring.

When a wiring is called a gate wiring, a gate line, a gate
signal line, a scan line, a scan signal line, or the like, there is
the case where a gate of a transistor is not connected to the
wiring. In this case, the gate wiring, the gate line, the gate
signal line, the scan line, or the scan signal line corresponds to
a wiring formed in the same layer as the gate of the transistor,
a wiring formed of the same material as the gate of the
transistor, or a wiring formed at the same time as the gate of
the transistor in some cases. Examples of such a wiring are a
wiring for storage capacitance, a power supply line, and a
reference potential supply line.

A source corresponds to the whole or part of a source
region, a source electrode, and a source wiring (also called a
source line, a source signal line, a data line, a data signal line,
or the like). A source region corresponds to a semiconductor
region containing a large amount of p-type impurities (e.g.,
boron or gallium) or n-type impurities (e.g., phosphorus or
arsenic). Therefore, a region containing a small amount of
p-type impurities or n-type impurities, a so-called LDD
(lightly doped drain) region is not included in the source
region. A source electrode corresponds to a conductive layer
that is formed of a material different from that of a source
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region and electrically connected to the source region. Note
that a source electrode includes a source region in some cases.
A source wiring is a wiring for connecting source electrodes
of transistors, a wiring for connecting source electrodes in
pixels, or a wiring for connecting a source electrode to
another wiring.

However, there is a portion (a region, a conductive film, a
wiring, or the like) functioning as both a source electrode and
a source wiring. Such a portion (a region, a conductive film, a
wiring, or the like) may be called either a source electrode or
a source wiring. That is, there is a region where a source
electrode and a source wiring cannot be clearly distinguished
from each other. For example, when a source region overlaps
with part of an extended source wiring, the overlapped por-
tion (region, conductive film, wiring, or the like) functions as
both a source wiring and a source electrode. Accordingly,
such a portion (a region, a conductive film, a wiring, or the
like) may be called either a source electrode or a source
wiring.

In addition, for example, part of a conductive film which
connects a source electrode and a source wiring and is formed
of a material different from that of the source electrode or the
source wiring may be called either a source electrode or a
source wiring.

When a wiring is called a source wiring, a source line, a
source signal line, a data line, a data signal line, or the like,
there is the case where a source (a drain) of a transistor is not
connected to the wiring. In this case, the source wiring, the
source line, the source signal line, the data line, or the data
signal line corresponds to a wiring formed in the same layer as
the source (the drain) of the transistor, a wiring formed of the
same material as the source (the drain) of the transistor, or a
wiring formed at the same time as the source (the drain) of the
transistor in some cases. Examples of such a wiring are a
wiring for storage capacitance, a power supply line, and a
reference potential supply line.

Note that a drain is similar to the source.

A semiconductor device corresponds to a device having a
circuit including a semiconductor element (e.g., a transistor, a
diode, or thyristor). The semiconductor device may be gen-
eral devices that can function by utilizing semiconductor
characteristics. Alternatively, devices including a semicon-
ductor material are also referred to as semiconductor devices.

A display device corresponds to a device including a dis-
play element. A display device may include a plurality of
pixels including a display element. Moreover, a display
device may include a peripheral driver circuit for driving a
plurality of pixels. The peripheral driver circuit for driving a
plurality of pixels may be formed on the same substrate as the
plurality of pixels. A display device may also include a
peripheral driver circuit provided over a substrate by wire
bonding or bump bonding, that is, an IC chip connected by
chip on glass (COG), TAB, or the like. Further, a display
device may include a flexible printed circuit (FPC) to which
an IC chip, a resistor, a capacitor, an inductor, a transistor, or
the like is attached. A display device may include a printed
wiring board (PWB) which is connected through a flexible
printed circuit (FPC) and to which an IC chip, a resistor, a
capacitor, an inductor, a transistor, or the like is attached. A
display device may also include an optical sheet such as a
polarizing plate or a retardation plate. A display device may
also include a lighting device, a housing, an audio input/
output device, a light sensor, and the like.

A lighting device may include a backlight unit, a light
guide plate, a prism sheet, a diffusion sheet, a reflective sheet,
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a light source (e.g., an LED or a cold cathode fluorescent
lamp), a cooling device (e.g., a water cooling device or an air
cooling device), or the like.

A light-emitting device corresponds to a device including a
light-emitting element or the like. A light-emitting device
including a light-emitting element as a display element is a
specific example of a display device.

A reflective device corresponds to a device including a
light-reflecting element, a light diffraction element, a light-
reflecting electrode, or the like.

A liquid crystal display device corresponds to a display
device including a liquid crystal element. Liquid crystal dis-
play devices include a direct-view liquid crystal display, a
projection type liquid crystal display, a transmissive liquid
crystal display, a reflective liquid crystal display, a transtlec-
tive liquid crystal display, and the like in their categories.

A driving device corresponds to a device including a semi-
conductor element, an electric circuit, an electronic circuit, or
the like. Examples of the driving device are a transistor which
controls input of a signal from a source signal line to a pixel
(also called a selection transistor, a switching transistor, or the
like), a transistor which supplies a voltage or a current to a
pixel electrode, and a transistor which supplies a voltage or a
current to a light-emitting element. Moreover, examples of
the driving device are a circuit which supplies a signal to a
gate signal line (also called a gate driver, a gate line driver
circuit, or the like), a circuit which supplies a signal to a
source signal line (also called a source driver, a source line
driver circuit, or the like).

Note that categories of a display device, a semiconductor
device, a lighting device, a cooling device, a light-emitting
device, a reflective device, a driving device, and the like
overlap with each other in some cases. For example, a display
device includes a semiconductor device and a light-emitting
device in some cases. Alternatively, a semiconductor device
includes a display device and a driving device in some cases.

When it is explicitly described that B is formed on or over
A, it does not necessarily mean that B is formed in direct
contact with A. The description includes the case where A and
B are not in direct contact with each other, that is, the case
where another object is interposed between A and B. Here,
each of A and B is an object (e.g., a device, an element, a
circuit, a wiring, an electrode, a terminal, a conductive film, or
a layer).

Accordingly, for example, when it is explicitly described
that a layer B is formed on (or over) a layer A, it includes both
the case where the layer B is formed in direct contact with the
layer A; and the case where another layer (e.g., alayer Cora
layer D) is formed in direct contact with the layer A, and the
layer B is formed in direct contact with the layer C or D. Note
that another layer (e.g., the layer C or the layer D) may be a
single layer or a plurality of layers.

Similarly, when it is explicitly described that B is formed
above A, it does not necessarily mean that B is formed in
direct contact with A, and another object may be interposed
between A and B. Accordingly, the case where a layer B is
formed above a layer A includes the case where the layer B is
formed in direct contact with the layer A and the case where
another layer (such as a layer C and a layer D) is formed in
direct contact with the layer A and the layer B is formed in
direct contact with the layer C or the D. Note that another
layer (e.g., a layer C or a layer D) may be a single layer or a
plurality of layers.

Note that when it is explicitly described that B is formed
over, on, or above A, B may be formed diagonally above A.

Note that the same can be said when it is explicitly
described that B is formed below or under A.
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Explicit singular forms preferably mean singular forms.
However, without being limited thereto, such singular forms
can include plural forms. Similarly, explicit plural forms pref-
erably mean plural forms. However, without being limited
thereto, such plural forms can include singular forms.

According to one embodiment of the present invention, the
peak luminance can be increased depending on gray level
data distribution, which leads to improvement in image qual-
ity. According to one embodiment of the present invention,
faint light emission at the time of black display is not
increased even when the peak luminance is increased,
whereby the contrast ratio can be increased. According to one
embodiment of the present invention, an optical state of liquid
crystal molecules is averaged by alternately displaying a gen-
erally bright image and a generally dark image, whereby the
viewing angle can be increased. According to one embodi-
ment of the present invention, the response speed of a liquid
crystal element can be increased. According to one embodi-
ment of the present invention, the efficiency of a backlight is
increased, which results in reduction in power consumption.
According to one embodiment of the present invention, a
desired gray level is expressed by alternately displaying a
generally bright image and a generally dark image, whereby
the quality of moving images can be improved. According to
one embodiment of the present invention, manufacturing
costs can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIGS. 1A to 1D illustrate some basic properties of a semi-
conductor device;

FIGS. 2A and 2B illustrate examples of operations and a
structure of a semiconductor device;

FIGS. 3A to 3D illustrate examples of operations of a
semiconductor device;

FIGS. 4A to 4F illustrate examples of operations of a
semiconductor device;

FIGS. 5A to 5C illustrate examples of operations of a
semiconductor device;

FIGS. 6A and 6B illustrate examples of operations of a
semiconductor device;

FIGS. 7A to 7D illustrate examples of structures of a semi-
conductor device;

FIGS. 8A and 8B illustrate examples of operations and a
structure of a semiconductor device;

FIGS. 9A to 9F illustrate examples of operations of a
semiconductor device;

FIGS. 10A to 10F illustrate examples of operations of a
semiconductor device;

FIGS. 11A to 11F illustrate examples of operations of a
semiconductor device;

FIGS. 12A to 12F illustrate examples of operations of a
semiconductor device;

FIGS. 13A to 13C illustrate examples of operations of a
semiconductor device;

FIGS. 14A to 14G illustrate examples of operations and
structures of semiconductor devices;

FIGS. 15A to 15H illustrate examples of operations and
structures of semiconductor devices;

FIGS. 16A to 16D illustrate examples of structures of
transistors which can be included in a semiconductor device;

FIGS. 17A to 17H illustrate examples of semiconductor
devices; and
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FIGS. 18A to 18H illustrate examples of semiconductor
devices.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the present invention will be described
below with reference to the accompanying drawings. Note
that the present invention can be implemented in various
modes, and it is easily understood by those skilled in the art
that modes and details can be variously changed without
departing from the spirit and scope of the present invention.
Therefore, the present invention is not construed as being
limited to what is described in the embodiments. Note that in
structures of the present invention described below, reference
numerals denoting the same components are used in common
in different drawings, and detailed description of the same
portions or portions having similar functions is not repeated.

Hereinafter, embodiments will be described with reference
to the drawings. In that case, what is described in one embodi-
ment with reference to one drawing (or part thereof) can be
freely applied to, combined with, or exchanged with what is
described with reference to another drawing (or part thereof)
as appropriate. Further, even more drawings can be formed
when each part of a drawing described in one embodiment is
combined with another part of the drawing.

Similarly, what is described in one or more embodiments
(or part thereof) with reference to one drawing can be freely
applied to, combined with, or exchanged with what is
described another embodiment or other embodiments (or part
thereof) with reference to a drawing as appropriate. Further,
even more drawings can be formed when each part in the
drawing in one or more embodiments is combined with part
of another embodiment or other embodiments.

Note that what is described in one embodiment (or part
thereof) may be an example of embodying, slightly trans-
forming, partially modifying, improving, describing in detail,
or applying other contents described in the embodiment, an
example of related part thereof, or the like. Therefore, the
contents (or part thereof) described in one embodiment can be
freely applied to, combined with, or exchanged with other
contents (or part thereof) described in the embodiment.

In addition, the contents (or part thereof) described in one
or more embodiments are an example of embodying, slightly
transforming, partially modifying, improving, describing in
detail, or applying the contents described in another embodi-
ment or other embodiments, an example of related part
thereof, or the like. Therefore, the contents (or part thereof)
described in another embodiment or other embodiments can
be freely applied to, combined with, or exchanged with other
contents (or part thereof) described in one or more embodi-
ments.

Note that this specification includes not only the case
where a plurality of operations described in a flowchart are
performed in the order as shown in the chart, but also the case
where the order of operations is changed so that the opera-
tions are not performed in the above order, and the case where
each individual operation is separately performed, for
example.

Embodiment 1

As Embodiment 1, a structure example and a driving
method of a display device will be described.

First, terms used in this embodiment and other embodi-
ments are described. The human eye cannot perceive change
of luminance which changes faster than a certain frequency
(the critical frequency). Specifically, the human eye cannot



US 9,123,284 B2

17

perceive change of luminance which changes at a frequency
of approximately 50 Hz or more, that is, in 20 milliseconds or
less, and perceives such change of luminance as certain
brightness. At this time, the brightness perceived by the
human eye depends on the level obtained by integrating
instantaneous luminance with the time.

In this embodiment and other embodiments, when it is
necessary to explicitly describe luminance that is instanta-
neously obtained, such luminance is referred to as instanta-
neous luminance. Moreover, when it is necessary to explicitly
describe the level obtained by integrating instantaneous lumi-
nance with the time, such level is referred to as integrated
luminance (or perceptual luminance). Note that in this
embodiment and other embodiments, a range of time for
integration with the time is one frame period.

Note that one frame period is Y60 second in NTSC which is
a kind of the standards for video signals, and %50 second in
PAL which is also a kind of the standards for video signals;
one frame period is shorter than 20 milliseconds in either
case. The level of instantaneous luminance itself has no direct
correlation with brightness perceived by the human eye. For
example, when the time during which the instantaneous lumi-
nance is kept is short, the brightness perceived by the human
eye is low regardless of how high the instantaneous lumi-
nance is. It is integrated luminance that directly correlates
with the brightness perceived by the human eye. The bright-
ness perceived by the human eye is higher as the integrated
luminance is higher, whereas the brightness perceived by the
human eye is lower as the integrated luminance is lower.

A structure example and a driving method of a display
device will be described below. A display device shown in this
embodiment includes a plurality of pixels, for example. A
plurality of instantaneous luminances are expressed by per-
forming signal writing to each pixel plural times in one frame
period. Time integration levels of the plurality of instanta-
neous luminances are controlled, so that the gray level is
expressed. In the display device in this embodiment, the time
integration level of the instantaneous luminance is increased
as the level of gray level data of the pixel is higher, and the
time integration level of the instantaneous luminance is
increased as the average value of gray level data of an image
to be displayed is smaller. Note that the signals written to the
pixels can be analog signals. Moreover, writing in one frame
period is not limited to plural times and may be one time.

When power consumption is desired to be reduced, the
time integration level is not necessarily increased even if the
average value of gray level data of an image to be displayed is
small.

FIG. 1A illustrates an example of change in instantaneous
luminance over time in one focused pixel in a display region
of'a display device. In FIG. 1A, the horizontal axis represents
time, and the vertical axis represents instantaneous lumi-
nance. The example of change in instantaneous luminance
over time illustrated in FIG. 1A is the case where a display
element responds to a signal written to the pixel at high speed.
High-speed response refers to, for example, response within
approximately less than Y4 of a subframe period. Examples of
such a display element are an organic EL. element, an OCB
(optically compensated birefringence) mode liquid crystal
element, and a liquid crystal element using ferroelectric lig-
uid crystal. Alternatively, it can be said that FIG. 1A illus-
trates an example of the case where luminance is approxi-
mately represented without considering the response time of
the display element.

The instantaneous luminance of the pixel can have a plu-
rality of levels by performing signal writing plural times in
one frame period. In this embodiment, the case where signal
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writing is performed twice in one frame period as in the
example illustrated in FIG. 1A is described. Note that this
embodiment is not limited thereto, and signal writing may be
performed N times (N is a positive integer) in one frame
period.

Here, in a frame period, a period after N-th writing is
performed until (N+1)th writing (or the first writing in the
next frame period) is performed is referred to as an N-th
subframe period. Moreover, an image displayed in the N-th
subframe period is referred to as an N-th subimage. Since
N=2 is given in this embodiment, one frame period is divided
into a first subframe period (1SF) and a second subframe
period (2SF). Note that since N is a positive integer, N may be
1 or an integer of 3 or more. Further, in this embodiment,
description is made on the assumption that subframes are
equal in length. Note that the length of subframe periods is not
limited thereto and can be variously changed by controlling
timing of signal writing.

When instantaneous luminance of the pixel changes over
time as illustrated in FIG. 1A, integrated luminance [ with an
integration range of one frame period is the area of a region
that is surrounded by the instantaneous luminance and the
time axis in one frame period. Moreover, the integrated lumi-
nance [ with an integration range of one frame period is
represented as the sum of integrated luminance L, with an
integration range of the first subframe period and integrated
luminance L., with an integration range of the second sub-
frame period. That is, L=L,+L, is satisfied.

The integrated luminance . with an integration range of
one frame period is preferably based on gray level data X, of
animage (an original image) which should be displayed in the
frame. Further, the integrated luminance L. with an integration
range of one frame period is variously changed based on a
scale factor K determined using gray level data distribution of
an image to be displayed, whereby a display device in this
embodiment can be obtained.

Accordingly, in a display device in this embodiment,
L=K'L,, is preferably satisfied. Note that increasing the scale
factor K corresponds to increasing the brightness of the entire
screen. In other words, the scale factor K is the degree of
increase in brightness of the entire screen. L, is integrated
luminance in accordance with the gray level data X, of the
original image, and here, is integrated luminance when hold
driving is performed in accordance with the gray level data X,
of the original image. Therefore, the integrated luminance L.
has the relation indicated by Formula 1.

L=K-Ly=L,+L,

{LoT I, LA T (0)dr, L, L(0dt} [Formula 1]

In Formula 1, K is a scale factor; F, the length of one frame
period; n, a duty ratio of a first subframe period to one frame
period (O<n=1); I,(t), instantaneous luminance determined in
accordance with the gray level data X, of the original image;
1, (t), instantaneous luminance determined in accordance with
gray level data X, of a first subimage; and 1,(t), instantaneous
luminance determined in accordance with gray level data X,
of'a second subimage. The scale factor K can be determined
using gray level data distribution, so that a display device in
this embodiment can be obtained.

A method for determining the scale factor K by gray level
data distribution can be, for example, a method in which the
average gray level of an image to be displayed is obtained
from the gray level data distribution, and the scale factor K is
reduced as the image has higher average gray level and the
scale factor K is increased as the image has lower average
gray level. By increasing the scale factor K as the image has
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lower average gray level, the peak luminance of the image (of
night view or fireworks, for example) in which only part of'a
generally dark image has high gray level can be increased.
Accordingly, a display device can be obtained in which capa-
bility of expressing brightness of night view, sparks, luster of
metal, and the like can be greatly improved. Further, decrease
in the scale factor K as the image has higher average gray level
can prevent a viewer from feeling the glare; thus, a display
device in which display is more easily to be seen can be
obtained.

That is, in a display device in this embodiment, the inte-
grated luminance L represented as the sum of the integrated
luminance L, with an integration range of the first subframe
period and the integrated luminance L, with an integration
range of the second subframe period is changed in accordance
with the gray level data X, of the original image and the scale
factor K determined using gray level data distribution of an
image to be displayed. The scale factor K is the degree of
increase in brightness of the entire screen; the scale factor K
is smaller as the image to be displayed has higher average
gray level and is larger as the image has lower average gray
level.

An example of the case where the display device in this
embodiment displays an image is described with reference to
FIGS. 1C and 1D. FIGS. 1C and 1D each illustrate images
(display images) which are instantaneously displayed in
accordance with instantaneous luminance of each pixel and
an image (a perceptual image) which is perceived by the
human eye in accordance with integrated luminance of each
pixel, with the horizontal axis representing time. In FIG. 1C,
a first subimage 14 and a second subimage 15 which are
obtained from a first original image are sequentially dis-
played in a first frame period. Similarly, in FIG. 1D, a first
subimage 17 and a second subimage 18 which are obtained
from a second original image are sequentially displayed in a
second frame period.

When the first subimage 14 and the second subimage 15 are
sequentially displayed in this manner, an image perceived by
the human eye is an image obtained by averaging the first
subimage 14 and the second subimage 15 as illustrated as a
first perceptual image 16. Similarly, when the first subimage
17 and the second subimage 18 are sequentially displayed, an
image perceived by the human eye is an image obtained by
averaging the first subimage 17 and the second subimage 18
as illustrated as a second perceptual image 19. The first per-
ceptual image 16 and the second perceptual image 19 can be
based on the first original image and the second original
image, respectively. Specifically, each of the first perceptual
image 16 and the second perceptual image 19 can be an image
whose brightness has been increased or reduced to/from the
original image in accordance with the value of the scale factor
K. The scale factor K can be determined using gray level data
distribution of the original image, for example, average gray
level. Accordingly, the peak luminance can be modulated
depending on images, whereby the quality of images can be
improved.

The first original image in FIG. 1C is an image of sunrise
between mountains. More specifically, the first original
image shows the case where only part of the sun is seen
between the mountains in an image in which most part of the
background such as the mountains and the sky is dark, and the
average gray level of the first original image is low. In such a
case, a high gray level region (a portion corresponding to the
sun) is displayed as being brighter not only in the first sub-
image 14 but also in the second subimage 15, whereby light of
the sun, only part of which can be seen in the first perceptual
image 16, can be brighter (the peak luminance can further be
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increased). Accordingly, the brightness of the sun can be
enhanced, and the image quality can be improved.

On the other hand, the second original image in FIG. 1D is
also an image of mountains, the sky, and the sun and shows
the case where most part of the background such as the
mountains and the sky has a certain level of brightness, which
is different from the first original image. In this case, the
average gray level ofthe second original image is high. At this
time, if the sky and the sun are extremely bright, they are too
bright for the viewer, which causes trouble. Accordingly, the
image is displayed mainly by the first subimage 17 while a
black image is displayed as the second subimage 18 so that
luminance can be suppressed, which can prevent the image
from being too bright.

As described above, when the average gray level of the
original image is high, a black image is displayed as one
subimage in order to suppress luminance of the image;
whereas when the average gray level of the original image is
low, part of the black display subimage is displayed as being
brighter where needed. Accordingly, it is possible to improve
the image quality by displaying a bright region as being
brighter and to improve the quality of moving image by
inserting a black image at the same time.

Further, at this time, luminance of a backlight can be fixed,
whereby light leakage from the backlight is not increased
even if the peak luminance is increased. That is, black blur-
ring is not increased even when the peak luminance is
increased, whereby the contrast of still images can be
increased. Note that constant luminance of the backlight is
greatly advantageous because it leads to increase in backlight
efficiency, prolongation of the life of the backlight, reduction
in power consumption and manufacturing costs due to sim-
plification of a driver circuit in the backlight, and the like.
Note that luminance of the backlight is not limited to being
fixed and can be increased or decreased depending on images.

In a method where intermittent driving of a backlight
source is controlled in accordance with general brightness of
an image, the time for displaying a black image is short when
the image is generally dark; thus, an afterimage due to hold
driving occurs, which leads to a problem of reducing the
quality of moving images. However, in the display device in
this embodiment, the time for displaying a black image can be
sufficiently long even when the image is generally dark,
whereby the quality of moving images can be improved. In
particular, by making a plurality of subframes equal in length,
frequency of a peripheral driver circuit can be prevented from
being increased in addition to the above advantage. More-
over, an optical state of liquid crystal molecules is averaged
by alternately displaying a generally bright image and a gen-
erally dark image, whereby the viewing angle can be
increased.

In addition, in a method where instantaneous luminance of
a backlight source is increased or reduced in accordance with
general brightness of an image, faint light emission of a pixel
performing black display is increased in a generally dark
image, and thus the contrast ratio is reduced. However, in the
display device in this embodiment, faint light emission of a
pixel performing black display can be prevented from being
increased when the image is generally dark, whereby the
contrast ratio can be increased. Moreover, an optical state of
liquid crystal molecules is averaged by alternately displaying
a generally bright image and a generally dark image, whereby
the viewing angle can be increased.

Note that the gray level data distribution used for determin-
ing the scale factor K can be distribution in the entire image.
Thus, the most appropriate scale factor K can be determined
regardless of the position of a peak gray level region in the
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image or the like. Alternatively, the gray level data distribu-
tion used for determining the scale factor K can be distribu-
tion in part of the image, which can prevent a region that is
inappropriate to be used as the basis for determining the scale
factor K (e.g., subtitles) from being included in the gray level
data distribution. Accordingly, the most appropriate scale
factor K can be determined.

Next, the relation between the integrated luminance L in
Formula 1 and the gray level data X, of the original image will
be described. The instantaneous luminance I,(t) in Formula 1
is determined based on the gray level data X, of the original
image and specifically represented as Formula 2.

[Formula 2]

o) = 1 X)AZX )

In Formula 2, y is a constant called a gamma value. The
gamma value is generally y=2.2; therefore, description is
made on the case where y=2.2 in this embodiment and other
embodiments unless otherwise specified. Note that the
gamma value is not limited to this and can be a variety of
values. X, s the maximum level of the gray level data. In
this embodiment, the maximum level X, of the gray level
data is 255; however, it is not limited thereto and can be a
variety of numeric data. 1, is an instantaneous luminance
coefficient. The instantaneous luminance coefficient 1, is a
coefficient that converts the gray level data into instantaneous
luminance, and is the same value in all the pixels in this
embodiment. However, it is not limited thereto and can vary
between pixels. For example, in a liquid crystal display
device, the instantaneous luminance coefficient 1, is deter-
mined by the instantaneous luminance of a backlight or the
like. Accordingly, when a display region is divided into a
plurality of regions and instantaneous luminance of the back-
light can be independently controlled in each region, the
instantaneous luminance coefficient I, can vary between pix-
els. Note that in this embodiment, the case where the instan-
taneous luminance coefficient I, is invariant with respect to
time is described; however, the instantaneous luminance
coefficient I, can be changed with respect to time. For
example, in a liquid crystal display device, by changing the
instantaneous luminance of a backlight with respect to time,
the instantaneous luminance coefficient I, can be changed
with respect to time.

By Formulae 1 and 2, the relation between the integrated
luminance L. and the gray level data X, of the original image
can be obtained. FIG. 1B is a graph illustrating the relation
between the integrated luminance L. and the gray level data X,
of'the original image, which is represented as Formulae 1 and
2, with the gray level data X, of the original image as the
horizontal axis and the integrated luminance L as the vertical
axis. A curve 10 in FIG. 1B represents the relation between
the integrated luminance L. and the gray level data X, of the
original image in the case where K=1; a curve 11, the relation
therebetween in the case where K=0.75; a curve 12, the rela-
tion therebetween in the case where K=0.5; and a curve 13,
the relation therebetween in the case where K=0.25.

As illustrated in FIG. 1B, in a display device in this
embodiment, the integrated luminance L is increased with
respect to the gray level data X, of the original image by
power law, and is increased or decreased depending on the
scale factor K determined using the gray level data distribu-
tion. Specifically, when the scale factor K is increased by a
times (a is a positive integer), the integrated luminance L is
also increased by atimes. More specifically, the scale factor K
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is reduced as an image to be displayed has higher average gray
level, and is increased as an image to be displayed has lower
average gray level.

Next, a method in which the gray level data X, of the
original image is converted into the gray level data X, of the
first subimage and the gray level data X, of the second sub-
image will be described. In the display device in this embodi-
ment, the instantaneous luminance I, (t) and instantaneous
luminance I,(t) in Formula 1 can be represented as Formula 3.

X [Formula 3]

Xmax

[ b0 =1~

Lo =14 Xij )

This embodiment shows the case where a display element
responds to a signal written to the pixel at high speed, such as
the example of change in instantaneous luminance over time
illustrated in FIG. 1A. However, this embodiment is not lim-
ited thereto and includes the case where a display element
responds at low speed. In that case, instantaneous luminance
changes over time in each subframe period so as to gradually
approach the value shown in Formula 3.

Further, substituting Formulae 3 and 2 into Formula 1 gives
the relation shown in Formula 4.

KXoV =nXY+(1-n)X5¥ [Formula 4]

The relation shown in Formula 4 is referred to as a formula
for gray level data conversion. Here, (1-n) represents the duty
ratio of the second subframe period to one frame period.
According to Formula 4, in a display device in this embodi-
ment, the sum of a value obtained by multiplying the gray
level data X, of the first subimage raised to the power of
gamma by the duty ratio of the first subframe period; and a
value obtained by multiplying the gray level data X, of the
second subimage raised to the power of gamma by the duty
ratio of the second subframe period can be proportional to the
gray level data X, of the original image raised to the power of
gamma. Note that a proportionality coefficient in that case can
be the scale factor K determined using the gray level data
distribution.

In addition, the gray level data X, of the first subimage and
the gray level data X, of the second subimage are not uniquely
determined by Formula 4 and the gray level data X, of the
original image but optional to some extent. The display
device in this embodiment may be a display device in which
writing is performed plural times in one frame period in
accordance with gray level data converted by Formula 4 so
that an image is displayed. The scale factor K determined
using the gray level data distribution is included in Formula 4,
and by converting the gray level data in accordance with the
scale factor K, a display device can be obtained in which the
capability of expressing an image with high peak gray level is
improved, the glare in a generally bright image is reduced,
and afterimages of moving images or the like are reduced due
to impulse driving.

Next, a display device and its operation in this embodiment
will be described with reference to FIGS. 2A and 2B. FIG. 2A
is a flowchart illustrating operations of the display device in
this embodiment. FIG. 2B illustrates an example of a struc-
ture of the display device performing operations such as those
in FIG. 2A. Note that the flowchart and the structure example
are not limited thereto, and a variety of flowcharts and struc-
ture examples can be used.

First, in an operation 21 in FIG. 2A, the image feature
amount is detected from gray level data distribution of the
gray level data X, of the inputted original image. In FIG. 2B,
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the operation 21 corresponds to the fact that an image feature
amount detection portion 31 has a function of detecting the
image feature amount from the gray level data distribution of
the gray level data X, of the inputted original image.

Next, in an operation 22 in FIG. 2A, the scale factor K in
Formula 1 or Formula 4 is determined in accordance with the
detected image feature amount. In FIG. 2B, the operation 22
corresponds to the fact that a scale factor determination por-
tion 32 has a function of determining the scale factor K in
accordance with the image feature amount detected by the
image feature amount detection portion 31. For example,
when the average value of gray level (average gray level) is
used as the image feature amount, the scale factor K can be
reduced as an image to be displayed has higher average gray
level and can be increased as an image to be displayed has
lower average gray level. Specifically, for example, when a
scale factor in the case where white is displayed in all the pixel
in ascreen (the case of all white display) is denoted by K ;-and
ascalefactor in the case where white is displayed in part of the
pixels in the screen is denoted by K, K;;<K ;. can be given.

Then, in an operation 23 in FIG. 2A, the gray level data X,
of the original image is converted into the gray level data X,
of'the first subimage and the gray level data X, of the second
subimage in accordance with the determined scale factor K so
that the gray level data X, and the gray level data X, have the
relation shown in Formula 4. Thus, X,=<X, or X,=X, holds
with any gray level, for example. In FIG. 2B, the operation 23
corresponds to the fact that a gray level data conversion por-
tion 33 has a function of converting the gray level data X, of
the original image into the gray level data X, of the first
subimage and the gray level data X, of the second subimage
in accordance with the determined scale factor K so that the
gray level data X and the gray level data X, have the relation
shown in Formula 4.

Next, in an operation 24 in FIG. 2A, the gray level data X,
of'the first subimage and the gray level data X, of the second
subimage, which have been converted, are converted into
signals appropriate for display. Here, the operation of con-
verting data into signals appropriate for display includes an
operation of converting gray level data which is digital data
into an analog voltage (DA conversion), an operation of cor-
recting the gray level data or the analog voltage in accordance
with characteristics of a display element (gamma correction),
an operation of inverting the polarity of the analog voltage
(polarity inversion), and the like. By performing such conver-
sion operations in accordance with characteristics of the dis-
play element as appropriate, display in the display device in
this embodiment can be realized. Specifically, for example,
when a liquid crystal element is used as the display element,
the operation 24 can be an operation of performing gamma
correction and polarity inversion at the same time as DA
conversion. That is, when the liquid crystal element is con-
trolled by the analog voltage, DA conversion is performed.
When an output of the DA conversion is subjected to gamma
correction and polarity inversion, a structure of the display
device can be simplified, whereby manufacturing costs and
power consumption can be reduced. Note that the operations
in the display device are not limited thereto, and a variety of
operations can be performed. For example, it is possible to
perform gamma correction on gray level data before DA
conversion and perform DA conversion and polarity inver-
sion in accordance with the gray level data on which gamma
correction has been performed. Moreover, when the display
element is controlled by a digital voltage, DA conversion can
be omitted. When the display element is not driven by alter-
nating-current driving, polarity inversion can be omitted. Fur-
ther, when it is not necessary to correct gray level data or an
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analog voltage in accordance with characteristics of the dis-
play element, gamma correction can be omitted.

In FIG. 2B, the operation 24 corresponds to the fact that a
display control portion 34 has a function of converting the
gray level data which has been converted by the gray level
data conversion portion 33, into a signal appropriate for dis-
play; and a function of generating a display control signal for
controlling a display portion 35 as appropriate and transmit-
ting the signals to the display portion 35. Note that the opera-
tion 24 can be omitted in some cases. When the operation 24
is omitted, the display control portion 34 can also be omitted.

Then, in an operation 25 in FIG. 2 A, the first subimage and
the second subimage are displayed on the display portion 35.
Here, when integrated luminance L, in the case where the
scale factor K is K ;- and integrated luminance L5~ in the case
where the scale factor K is K, are compared to each other,
Lp<Ly- can be given. Further, at this time, the integrated
luminance L, with an integration range of the first subframe
period and integrated luminance L, with an integration range
of the second subframe period can satisfy L;<[., or =L,
with any gray level. In FIG. 2B, the operation 25 corresponds
to the fact that the display portion 35 has a function of dis-
playing the first subimage and the second subimage in accor-
dance with the gray level signal and the display control signal
which are transmitted from the display control portion 34.

That is, a display device in this embodiment performs the
following operations: detecting the image feature amount in
accordance with inputted gray level data, determining the
scale factor K in accordance with the detected image feature
amount, converting the inputted gray level data into the gray
level data of the first subimage and the gray level data of the
second subimage in accordance with the scale factor K, and
displaying the first subimage and the second subimage in
accordance with the gray level data of the first subimage and
the gray level data of the second subimage which have been
converted. Further, a display device in this embodiment
includes the image feature amount detection portion 31 which
has a function of detecting the gray level data distribution of
the gray level data of the inputted original image; the scale
factor determination portion 32 which has a function of deter-
mining the scale factor K in accordance with the gray level
data distribution detected by the image feature amount detec-
tion portion 31; the gray level data conversion portion 33
which has a function of converting the gray level data of the
original image into the gray level data of the first subimage
and the gray level data of the second subimage in accordance
with the scale factor K determined by the scale factor deter-
mination portion 32; and the display portion 35 which has a
function of displaying the first subimage and the second sub-
image.

Embodiment 2

As Embodiment 2, another structure example and a driving
method of a display device will be described. In this embodi-
ment, an example of a specific method for determining the
scale factor K, and specific structure examples and operations
of'the image feature amount detection portion 31 and the scale
factor determination portion 32 in FIG. 2B will be described.

A display device in this embodiment performs operations
detailed more than or different from the operation 21 (detec-
tion of the image feature amount) and the operation 22 (deter-
mination of the scale factor K) among the operations (FIG.
2A) of the display device in Embodiment 1. The other opera-
tions and structures are similar to those in the display device
in Embodiment 1; therefore, the detail description is not
repeated.
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First, the operation flow of the display device in this
embodiment and means to perform such operations will be
described. FIGS. 5A to 5C are flowcharts each illustrating a
detailed example of the operation 21 in FIG. 2A. FIGS. 6A
and 6B are flowcharts each illustrating a detailed example of
the operation 22 in FIG. 2A. FIGS. 7A to 7D each illustrate an
example of a structure of a device for realizing the operations
illustrated in FIGS. 6A and 6B.

In the detailed example (FIG. 5A) of the operation 21, an
operation 50 is an operation of reading gray level data. Read-
ing of gray level data in the operation 50 is reading of gray
level data corresponding to one pixel. Note that the operation
50 is not limited thereto and may be reading of gray level data
corresponding to a plurality of pixels. After the operation 50,
the process moves on to an operation 51.

In the operation 51, the gray level data read in the operation
50 is classified and written to a memory as gray level data
distribution. Note that the memory used for writing the gray
level data distribution in the operation 51 is a memory 71
illustrated in FIG. 7A. However, this embodiment is not lim-
ited thereto, and a memory in another portion (a portion that
is not directly related to the operation 21) in the display device
may be used. After the operation 51, the process moves on to
an operation 52.

In the operation 52, whether the gray level data classified in
the operation 51 is the final data of a plurality of data forming
one screen is determined. When the gray level data is not the
final data, the process returns to the operation 50, and the next
gray level data is read. When the gray level data is the final
data, the process moves on to an operation 53.

In the operation 53, the gray level data distribution for one
screen is read from the memory illustrated in FIG. 7A, and
calculation of the image feature amount is performed. After
the operation 53, the process moves on to an operation 54.

In the operation 54, the content of the memory 71 illus-
trated in FIG. 7A is reset after calculation of the image feature
amount is finished in the operation 53. Note that reset in the
operation 54 is processing that is performed on the gray level
data distribution of the image so that gray level data distribu-
tion of the next image can be generated. For example, pro-
cessing in which the number of data in all categories in the
gray level data distribution of the image is 0 can be used.

That is, a display device in this embodiment performs the
operations described in Embodiment 1. Among the opera-
tions, the operation of detecting the image feature amount
includes the following operations: reading gray level data,
classifying the gray level data to be written to a memory as
gray level data distribution, determining whether the data is
the final data of the gray level data for one screen, and reading
the gray level data distribution and calculating the image
feature amount. Note that in the detailed example illustrated
in FIG. 5A, each operation can be omitted or exchanged as
necessary. For example, the operation 54 of resetting the
content of the memory 71 can be omitted by writing over the
stored content or the like.

Note that the operations 50 to 54 illustrated in FIG. 5A can
be realized with a structure illustrated in FIG. 7A. FIG. 7TA
illustrates an example of a detailed structure of the image
feature amount detection portion 31 in FIG. 2B. The opera-
tions 50 to 52 in FIG. 5A are realized by functions of a gray
level data distribution generation portion 70 and the memory
71 in FIG. 7A. The gray level data distribution generation
portion 70 can have a function of reading gray level data and
classifying the gray level data to be written to the memory 71
as gray level data distribution. The operations 53 and 54 in
FIG. 5A are realized by functions of an image feature amount
calculation portion 72 in FIG. 7A. The image feature amount
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calculation portion 72 can have a function of reading the gray
level data distribution from the memory 71 and calculating
the image feature amount, and a function of resetting the
memory 71.

That is, a display device in this embodiment is the display
device described in Embodiment 1, and includes a gray level
data distribution generation portion which has a function of
reading gray level data and classifying the gray level data to
be written to a memory as gray level data distribution; and an
image feature amount calculation portion which has a func-
tion of reading the gray level data distribution from the
memory and calculating the image feature amount, and a
function of resetting the memory. Note that each portion and
each function of the portions can be omitted or exchanged as
necessary.

In another detailed example (FIG. 5B) of the operation 21,
the same operations as those in FIG. 5A are denoted by the
same reference numerals, and the description is not repeated.
In operations illustrated in FIG. 5B, an operation 55 is added
between the operations 50 and 51 among the operations illus-
trated in FIG. 5A. In the operation 55, whether the gray level
data read in the operation 50 satisfies a predetermined detec-
tion condition is determined. When the operation 55 deter-
mines that the gray level data satisfies a predetermined detec-
tion condition, the process moves on to the operation 51, and
an operation similar to that illustrated in FIG. 5A is per-
formed. On the other hand, when the operation 55 determines
that the gray level data does not satisfy a predetermined
detection condition, the process moves on to the operation 50,
and reading of the next gray level data is performed. In such
a manner, the gray level data is not subjected to the operation
illustrated in FIG. 5A and thus can be excluded from gray
level data distribution.

That is, a display device in this embodiment performs the
operations described in Embodiment 1. Among the opera-
tions, the operation of detecting the image feature amount
includes the following operations: reading gray level data,
determining whether the gray level data satisfies a predeter-
mined detection condition, classitying the gray level data to
be written to a memory as gray level data distribution, deter-
mining whether the data is the final data of the gray level data
for one screen, and reading the gray level data distribution and
calculating the image feature amount. Note that as the prede-
termined detection condition, the position of the gray level
data in the screen can be used. In such a manner, a method in
which an outer edge portion of the screen is excluded from the
detection target can be realized as illustrated in FIG. 3C. Note
that in the detailed example illustrated in FIG. 5B, each opera-
tion can be omitted or exchanged as necessary.

Like the operations in FIG. 5A, the operations 50 to 55
illustrated in FIG. 5B can be realized with the structure illus-
trated in FIG. 7A, Note that when the operations in FIG. 5B
are realized with the structure as illustrated in FIG. 7A, a
function of determining whether the gray level data satisfies a
predetermined detection condition is added to the gray level
data distribution generation portion 70 in FIG. 7A. That is, a
display device in this embodiment is the display device
described in Embodiment 1, and includes a gray level data
distribution generation portion which has a function of read-
ing gray level data and, if the gray level data satisfies a
predetermined detection function, classifying the gray level
data to be written to a memory as gray level data distribution;
and an image feature amount calculation portion which has a
function of reading the gray level data distribution from the
memory and calculating the image feature amount, and a
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function of resetting the memory. Note that each portion and
each function of the portions can be omitted or exchanged as
necessary.

In another detailed example (FIG. 5C) of the operation 21,
the same operations as those in FIG. 5A or FIG. 5B are
denoted by the same reference numerals, and the description
is not repeated. In operations illustrated in FIG. 5C, opera-
tions 56 and 57 are added before the operation 50 among the
operations illustrated in FIG. 5B. In the operation 56, a plu-
rality (the number with which a text region can be detected) of
gray level data are read to a memory. After the operation 56,
the process moves on to the operation 57. In the operation 57,
atextregioninthe screen is detected from the plurality of gray
level data read in the operation 56, and information on the
detected text region (e.g., the position, size, or shape of the
text region) is written to the memory. After the operation 57,
the process returns to the operation 50.

That is, a display device in this embodiment performs the
operations described in Embodiment 1. Among the opera-
tions, the operation of detecting the image feature amount
includes the following operations: reading a plurality (the
number with which a text region can be detected) of gray level
data to a memory, detecting a text region in a screen, reading
gray level data, determining whether the gray level data sat-
isfies a predetermined detection condition, classifying the
gray level data to be written to a memory as gray level data
distribution, determining whether the data is the final data of
the gray level data for one screen, and reading the gray level
data distribution and calculating the image feature amount.
Note that as the predetermined detection condition in the
operation 55, the position of the gray level data in the screen
and/or information on the text region detected in the operation
57 can be used. In such a manner, a method can be realized as
illustrated in FIG. 3D, in which characters are detected from
the shape ofahigh gray level region included in the image and
the text region is excluded from the detection target. Note that
in the detailed example illustrated in FIG. 5C, each operation
can be omitted or exchanged as necessary.

Note that the operations illustrated in FIG. 5C can be
changed as long as a text region in one screen can be detected
and information on the text region can be obtained; therefore,
the operations 56 and 57 can be a variety of operations. For
example, in the operation 56, gray level data for one screen
can be read into a memory. In such a manner, the text region
can be accurately detected, whereby the image quality can be
improved. Alternatively, the gray level data for part of the
screen may be read into the memory instead of the gray level
data for one screen. Note that the part of the screen is prefer-
ably a portion where a text region is likely to be detected (e.g.,
an outer edge portion 42 in FIGS. 3C and 3D). Accordingly,
the capacity of the memory needed and the number of pro-
cessings can be reduced, whereby manufacturing costs and
power consumption can be reduced. Alternatively, in the
operation 56, instead of being read at one time, the gray level
data for one screen may be divided into a plurality of pieces so
that the pieces of the data are sequentially read. Accordingly,
the capacity of the memory needed can be reduced, whereby
manufacturing costs and power consumption can be reduced.

Note that the operations 50 to 57 illustrated in FIG. 5C can
be realized with a structure illustrated in FIG. 7B. In FIG. 7B,
the same functions as those in FIG. 7A are denoted by the
same reference numerals, and the description is not repeated.
FIG. 7B illustrates an example of a detailed structure of the
image feature amount detection portion 31 in FIG. 2B. The
operation 56 in FIG. 5C can be realized by a function of a
memory 73 in FIG. 7B. The memory 73 can have a function
of reading a plurality of gray level data. The operation 57 in
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FIG. 5C is realized by a function of a text region detection
portion 74 in FIG. 7B. The text region detection portion 74
can have a function of reading a plurality of gray level data
from the memory 73, detecting a text region in a screen, and
writing information on the detected text region to the
memory.

That is, a display device in this embodiment is the display
device described in Embodiment 1, and includes a memory
which has a function of reading a plurality of gray level data;
atext region detection portion which has a function of detect-
ing a text region in a screen from the plurality of gray level
data, and writing information on the detected text region to
the memory; a gray level data distribution generation portion
which has a function of reading the gray level data and clas-
sifying the gray level data to be written to a memory as gray
level data distribution; and an image feature amount calcula-
tion portion which has a function of reading the gray level
data distribution from the memory and calculating the image
feature amount, and a function of resetting the memory. Note
that each portion and each function of the portions can be
omitted or exchanged as necessary.

Note that a display device in this embodiment can realize at
least two operations illustrated in FIGS. 5A to 5C, and per-
forms an operation for switching the operations illustrated in
FIGS. 5A to 5C depending on conditions. Accordingly, a
display device that can perform the most appropriate opera-
tion under a variety of conditions can be obtained.

In the detailed example (FIG. 6A) of the operation 22, an
operation 60 is an operation of reading the image feature
amount obtained by the operation 21. Reading of the image
feature amount in the operation 60 is performed once for
processing for one screen. Note that this embodiment is not
limited thereto, and reading of the image feature amount may
be performed once for processing for a plurality of screens or
may be performed plural times for processing for one screen.
After the operation 60, the process moves on to an operation
61. In the operation 61, the scale factor K is calculated from
the image feature amount which is read in the operation 60
with reference to a predetermined relation between the image
feature amount and the scale factor K.

Note that the operations 60 and 61 illustrated in FIG. 6A
can be realized with a structure illustrated in FIG. 7C. FIG. 7C
illustrates an example of a detailed structure of the scale
factor determination portion 32 in FIG. 2B. The operations 60
and 61 in FIG. 6A are realized by a function of a scale factor
calculation portion 75 in FIG. 7C. The scale factor calculation
portion 75 can have a function of reading the image feature
amount and calculating the scale factor K with reference to a
predetermined relation between the image feature amount
and the scale factor K. Thatis, a display device in this embodi-
ment is the display device described in Embodiment 1, and
includes a scale factor calculation portion having a function
of'reading the image feature amount and calculating the scale
factor K with reference to a predetermined relation between
the image feature amount and the scale factor K.

Note that as a predetermined relation between the image
feature amount and the scale factor K, relations illustrated in
FIGS. 4A to 4C can be used, for example. Specifically, a
lookup table (LUT) or a logic circuit can be used. For
example, when the relation between the image feature
amount and the scale factor K is simple, for example, is
monotonously increased and can be analytically obtained by
an approximate formula or the like, a logic circuit is prefer-
ably used for the scale factor calculation portion 75 illustrated
in FIG. 7C. This is because a memory required in the case of
using a LUT is not needed, and thus manufacturing costs can
be reduced. On the other hand, when it is difficult to analyti-
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cally obtain the relation between the image feature amount
and the scale factor K by an approximate formula or the like,
a LUT is preferably used for the scale factor calculation
portion 75. This is because an error can be smaller and the
appropriate scale factor K can be calculated. That is, a display
device in this embodiment performs the operations described
in Embodiment 1. Among the operations, the operation of
determining the scale factor K includes an operation of read-
ing the image feature amount, and an operation of calculating
the scale factor K with reference to a predetermined relation
between the image feature amount and the scale factor K.

In another detailed example (FIG. 6B) of the operation 22,
the same operations as those in FIG. 6A are denoted by the
same reference numerals, and the description is not repeated.
In operations illustrated in FIG. 6B, an operation 62 is added
before the operation 60. The operation 62 is an operation of
selecting the relation between the image feature amount and
the scale factor K to be used in the case where there are a
plurality of predetermined relations between the image fea-
ture amount and the scale factor K. After the operation 62, the
process moves on to the operation 60. That is, a display device
in this embodiment performs the operations described in
Embodiment 1. Among the operations, the operation of deter-
mining the scale factor K includes an operation of reading the
image feature amount, and an operation of calculating the
scale factor K with reference to a selected relation between
the image feature amount and the scale factor K. Note that the
relation between the image feature amount and the scale
factor K can be selected based on an operation mode, user
setting, or the like of the display device. Accordingly, a dis-
play device that can perform the most appropriate operation
under a variety of conditions can be obtained.

Note that the operations 60 to 62 illustrated in FIG. 6B can
be realized with a structure illustrated in F1G. 7D. In F1G. 7D,
the same function as that in FIG. 7C is denoted by the same
reference numeral, and the description is not repeated. FIG.
7D illustrates an example of a detailed structure of the scale
factor determination portion 32 in FIG. 2B. The operation 62
in FIG. 6B is realized by a function of an image feature
amount setting portion 76 in FIG. 7D. The image feature
amount setting portion 76 can have a function of selecting the
relation between the image feature amount and the scale
factor K to be used in the case where there are a plurality of
predetermined relations between the image feature amount
and the scale factor K. That is, a display device in this embodi-
ment is the display device described in Embodiment 1, and
includes an image feature amount setting portion which has a
function of selecting the relation between the image feature
amount and the scale factor K to be used; and a scale factor
calculation portion which has a function of reading the image
feature amount and calculating the scale factor K with refer-
ence to a predetermined relation between the image feature
amount and the scale factor K.

Next, specific examples of each operation will be
described. As a method of detecting gray level data distribu-
tion, a method can be used, for example, in which the gray
level data X, of the inputted original image is classified in
accordance with the level of the gray level data and the num-
ber of data of the gray level data X, included in each category
is counted. FIGS. 3A and 3B illustrate examples of gray level
data distribution that are thus founded by the counting.

FIGS. 3A and 3B each illustrate the gray level data distri-
bution with the horizontal axis representing the level of the
gray level data X, of the original image and the vertical axis
representing the number of data. Note that as for categories of
the level of the gray level data X, of the original image, each
gray level can be classified into one category. In this case, the
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gray level data distribution can be accurately represented.
Alternatively, as for categories of the level of the gray level
data X, of the original image, a plurality of gray levels can be
classified into one category. In that case, a load of detection
and calculation of the gray level data distribution can be
reduced, so that a display device with reduced power con-
sumption and manufacturing costs can be obtained.

Then, the image feature amount is calculated from the
detected gray level data distribution. For calculation of the
image feature amount, the average gray level X, the peak
gray level X,z the minimum gray level X, ..., the number
of'low gray level data, the number of high gray level data, or
the like can be used. Note that the average gray level X - is
the average value of gray level and can be a value obtained by
dividing the total level of the gray level data X, of the original
image by the number of all the data. The peak gray level
X prax 18 alevel of gray level data having the maximum level
in one image, and is sometimes different from X, ,, - which is
the maximum possible. The minimum gray level X, ., is a
level of gray level data having the minimum level in one
image. With reference to a given threshold gray level X ., the
number of low gray level data is the number of gray level data
whose level is lower than the threshold gray level X, and the
number of high gray level data is the number of gray level data
whose level is higher than the threshold gray level X ;.. Note
that the value representing the image feature amount is not
limited thereto, and a variety of values can be used. In par-
ticular, by using a combination of a plurality of values among
the average gray level X ,, the peak gray level Xz, the
minimum gray level X, /.., the number of low gray level data,
and the number of high gray level data, the image feature
amount can be more precisely represented. Accordingly, the
scale factor K can be determined more appropriately, and a
display device by which the objects can be achieved more
effectively can be obtained.

A distribution state is different in the gray level data dis-
tribution example illustrated in FIG. 3A and the gray level
data distribution example illustrated in FIG. 3B. FIG. 3A
illustrates an example in which gray level data is generally
biased to the higher gray level side. FIG. 3B illustrates an
example in which gray level data is generally biased to the
lower gray level side. The image feature amount can vary
depending on such difference of distribution.

When the average gray level X ;- is used as the image
feature amount, the scale factor K can be determined as illus-
trated in FIGS. 4A to 4C, for example. FIGS. 4A to 4C each
illustrate an example of a value of the scale factor K with
respect to the average gray level X ;.. with the horizontal
axis representing the average gray level X ;- and the vertical
axis representing the scale factor K. Moreover, FIGS. 4D to
4F each illustrate change in integrated luminance L. with
respect to the average gray level X ;- in accordance with the
gray level data X, of various original images, with the hori-
zontal axis representing the average gray level X ;- and the
vertical axis representing the integrated luminance L.

Asillustrated in FIG. 4 A, the scale factor K can be monoto-
nously increased as the average gray level X ;.- is decreased.
Accordingly, luminance is modulated even in an image with
small average gray level X ,,., in other words, an image in
which a high gray level region is considerably small; thus, the
capability of expressing an image with high peak gray level,
such as an image of night view, sparks, and luster of metal,
can be greatly improved. When the scale factor K is deter-
mined as illustrated in FIG. 4A, the integrated luminance L
with respect to the average gray level X ;- is monotonously
increased in all the gray levels as the average gray level X ;.
is decreased. FIG. 4D illustrates, as an example, change in
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integrated luminance L. with respect to the average gray level
X ,yzinthe case where the level of the gray level data X, of the
original image is 255, 224, 186, and 136. In such a manner,
the capability of expressing an image with high peak gray
level, such as an image of night view, sparks, and luster of
metal, can be greatly improved.

Alternatively, as illustrated in FIG. 4B, the scale factor K is
monotonously increased as the average gray level X ;- is
decreased, and moreover, increase of the scale factor K can be
stopped (saturated) at the time when the average gray level
X vz reaches a certain value. Accordingly, display can be
performed with higher quality, and a defect of image blink
due to rapid change of the average gray level X, can be
suppressed. In the case where a portion that is not related to
the image quality, such as subtitles for movies, repeatedly
appears and disappears in an image to be displayed, if the
scale factor K is set to be rapidly changed in the range where
the average gray level X ;. is low, the scale factor K is
affected by display of such a portion, such as subtitles, and
image blink occurs regardless of the original image in some
cases. Such a phenomenon can be suppressed by determining
the scale factor K as in the graph in FIG. 4B.

Note that the value of the average gray level X ;. when
increase of the scale factor K is saturated can be set to a
variety of values and is preferably approximately %3 of the
maximum level X, ,,,-of the gray level data. Accordingly, the
effect of displaying images with higher quality and the effect
of suppressing image blink can both be achieved. When the
scale factor K is determined as illustrated in FIG. 4B, the
integrated luminance L. with respect to the average gray level
X vz 1s monotonously increased in all the gray levels as the
average gray level X ;- is decreased, and moreover, increase
of'the scale factor K is saturated at the time when the average
gray level X, reaches a certain value. FI1G. 4E illustrates, as
an example, change in integrated luminance L. with respect to
the average gray level X ;- in the case where the level of the
gray level data X, of the original image is 255, 224, 186, and
136. In such a manner, the effect of displaying images with
higher quality and the effect of suppressing image blink can
both be achieved.

Alternatively, as illustrated in FIG. 4C, the scale factor K is
monotonously increased as the average gray level X, is
decreased, and moreover, increase of the scale factor K can be
saturated at the time when the average gray level X ;- reaches
a certain value, and in the case where the average gray level
X vz 18 decreased, the scale factor K can be decreased along
with decrease of the average gray level X ;.. Accordingly,
unnecessary increase of the scale factor K can be suppressed
while the advantages described in FIG. 4B are obtained.

This is because in the range where the average gray level
X vz 18 extremely low, the human eye does not easily recog-
nize the effect of a large scale factor K, and thus display can
sometimes be performed with sufficiently high image quality
without increasing the scale factor K very much. Therefore, in
the range where the average gray level X ;- is extremely low,
the scale factor K is decreased as the average gray level X ,;.»
is decreased, whereby the scale factor K can be smaller. When
the scale factor K is smaller, the integrated luminance can be
lower accordingly. In such a manner, in the display device in
Embodiment 1, for example, the gray level of one of the first
subimage and the second subimage can be lower, and thus,
display can be closer to impulse-type display. Accordingly,
afterimages of moving images or the like can be reduced, and
the quality of moving images can be improved.

Note thatthe level of the average gray level X - at the time
when the scale factor K starts to decrease along with decrease
of'the average gray level X ;- can be set to a variety of levels.
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For example, the level can be approximately half the level of
the average gray level X .~ when increase of the scale factor
K is saturated. In this case, the advantage of saturating
increase of the scale factor K and the advantage of a small
scale factor K can both be achieved. Alternatively, the scale
factor K can be decreased at the same time as saturation of the
increase of the scale factor K. In this case, the advantage of a
small scale factor K can be more significant. When the scale
factor K is determined as illustrated in FIG. 4C, the integrated
luminance L. with respect to the average gray level X - is
monotonously increased in all the gray levels as the average
gray level X, is decreased, and moreover, increase of the
scale factor K is saturated at the time when the average gray
level X ;. reaches a certain value, and in the case where the
average gray level X . is decreased, the scale factor K is
decreased along with decrease in the average gray level X ;..

FIG. 4F illustrates, as an example, change in integrated
luminance [ with respect to the average gray level X ;- in the
case where the level of the gray level data X, of the original
image is 255, 224, 186, and 136. In such a manner, the effect
of displaying images with higher quality and the effect of
suppressing image blink can both be achieved. Further, the
effect of a small scale factor K, such as reduction in afterim-
ages of moving images or the like, can also be obtained.

Note that the case where the average gray level X ;- is used
as the image feature amount has been described so far. Alter-
natively, the number of low gray level data or the number of
high gray level data can be used instead of the average gray
level X ;. That is, in the methods of determining the scale
factor K illustrated in FIGS. 4A to 4C, K is determined based
on whether an image is generally bright or generally dark.
Therefore, methods similar to the methods of determining the
scale factor K illustrated in FIGS. 4A to 4C can be used for the
number of low gray level data or the number ofhigh gray level
data.

In the case of using the number of high gray level data, an
image is generally bright as the number ot high gray level data
is larger; thus, the method can be performed only by replacing
the average gray level X ;- with the number of high gray level
data. In the case of using the number of low gray level data, an
image is generally dark as the number of low gray level data
is larger; thus, the method can be performed by reversing the
change in integrated luminance L. with respect to the average
gray level X, and replacing the average gray level X ;..
with the number of low gray level data.

Note that a combination of the average gray level X ;-, the
number of low gray level data, or the number of high gray
level data; and the peak gray level X, or the minimum
gray level X, - can be the image feature amount. That is,
whether the image is generally bright or generally dark can be
determined by the average gray level X ;.-, the number of low
gray level data, or the number of high gray level data, and
more detailed characteristics of the image can be determined
using the peak gray level X ., or the minimum gray level
X, of the image.

For example, when the image which is generally dark and
has high peak gray level X, can be determined as an
image whose image quality is significantly improved by
increasing the scale factor K, the scale factor K can be deter-
mined more appropriately. Further, the range of the level of
gray level data included in the image can be found with the
peak gray level X , .- and the minimum gray level X, so
that a driving method appropriate for the display within the
range can be selected. For example, when the range is smaller
than a range between the gray level 0 and the maximum gray
level X,,,+, the gray level data X, of the original image is
extended by linear interpolation or the like, whereby a region
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where the gray level is gradually changed can be smoothly
expressed, and the image quality can be improved. In addi-
tion, when the high peak gray level X, is lower than the
maximum gray level X, ,,;-in a liquid crystal display device,
the gray level data X, of the original image is converted in
accordance with instantaneous luminance of a backlight
while the instantaneous luminance of the backlight is
reduced, whereby power consumption can be reduced.

Next, a method of limiting a detection range of gray level
data distribution in order to detect the image feature amount
more appropriately will be described. Subtitles for movies
and television programs are often not related to the image
feature amount. If a portion with subtitles is included in the
detection range of gray level data distribution, the portion
might be a cause of false detection of the image feature
amount. Therefore, by detecting subtitles which are not
related to an image in advance and excluding the subtitle
portion from the detection target of the image feature amount,
the image can be displayed with higher quality while a defect
of screen blink is more effectively suppressed. As described
above, examples of a method for excluding a subtitle portion
from the detection target of the image feature amount are a
method in which an outer edge portion of a screen is excluded
from the detection target; and a method in which characters
are detected from the shape of a high gray level region
included in the image and the text region is excluded from the
detection target.

The case where an outer edge portion of a screen is
excluded from the detection target will be described with
reference to FIG. 3C. In FIG. 3C, a center portion 41 in a
display region 40 is a detection region and the outer edge
portion 42 is a non-detection region. Subtitles are not usually
displayed near the center of the screen and are almost dis-
played on the outer edge portion of the screen. Therefore,
only the center portion 41 is subjected to detection of the
image feature amount. On the other hand, it is highly likely
that subtitles are displayed on the outer edge portion 42; thus,
the outer edge portion 42 corresponds to a non-detection
region. Accordingly, a high gray level region which is not
related to the image is not used for luminance modulation of
a perceptual image, whereby a defect of screen blink can be
suppressed.

Note that a boundary between the center portion 41 and the
outer edge portion 42 is not usually displayed; however, it is
possible to make the boundary displayed. Accordingly, a user
can specify the size and shape of a portion defined by the
boundary. Further, although the portion defined by the bound-
ary is preferably rectangular, it is not limited thereto and can
be a variety of shapes.

The case where characters are detected from the shape of a
high gray level region included in the image and the text
region is excluded from the detection target will be described
with reference to FIG. 3D. In FIG. 3D, when a high gray level
region is detected in the display region 40 and is further found
by the shape, color, luminance difference with a background,
motion, or the like to be a region including subtitles, the
region serves as a non-detection region 43. Accordingly, a
high gray level region which is not related to the image is not
used to determine the scale factor K, whereby a defect of
screen blink can be suppressed.

Note that in that case, in order to prevent a text region (e.g.,
characters on a signboard) included in the original image
from being determined as the non-detection region 43, it is
effective to combine the method in FIG. 3D with a method of
excluding an outer edge portion of a screen as illustrated in
FIG. 3C. That is, the entire display region 40 serves as a
detection region in an image where a text region is not
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detected; whereas in an image where a text region is detected,
the text region is included in the detection target when located
in the center portion 41, and the text region is excluded from
the detection target when located in the outer edge portion 42.
In such a manner, detection accuracy can be improved as
compared to the case of using only one of the methods.

Note that the area of the detection region preferably
accounts for % or more of the area of the entire screen.
Accordingly, the image can be displayed with higher quality
while a defect of screen blink is more effectively suppressed.

It is effective to combine a method where subtitles which
are not related to an image are detected in advance and the
subtitle portion is excluded from the detection target of the
image feature amount and the methods of determining the
scale factor K illustrated in FIGS. 4A to 4C. When the meth-
ods of determining the scale factor K illustrated in FIGS. 4A
to 4C are combined with the method of excluding the subtitle
portion from the detection target of the image feature amount,
a defect of screen blink is more effectively suppressed while
the image can be displayed with higher quality.

Note that in a display device in which a flicker is observed,
screen blink due to rapid change of the scale factor K some-
times promotes a flicker. Accordingly, it is extremely effec-
tive to use the method of suppressing a defect of screen blink
as described above in such a display device.

Embodiment 3

As Embodiment 3, another structure example and a driving
method of a display device will be described. In this embodi-
ment, an example of a specific method of determining gray
level data conversion, and a specific structure example and a
driving method of the gray level data conversion portion 33 in
FIG. 2B will be described.

A display device in this embodiment performs an operation
detailed more than or different from the operation 23 (gray
level data conversion) among the operations (FIG. 2A) of the
display device in Embodiment 1. The other operations and
structures are similar to those in the display device in
Embodiment 1; therefore, the detail description is not
repeated.

First, the operation flow of the display device in this
embodiment and means to perform such operations will be
described. FIG. 8A is a flowchart illustrating a detailed
example of the operation 23 in FIG. 2A. FIG. 8B illustrates an
example of a structure of a device for realizing the operations
illustrated in FIG. 8A.

In the detailed example (FIG. 8A) of the operation 23, an
operation 80 is an operation of setting a condition for con-
verting gray level data. In the operation 80, a condition nec-
essary to convert gray level data, such as a constant in For-
mula 4, is set. After the operation 80, the process moves on to
an operation 81.

In the operation 81, the gray level data X, of the original
image is written to a memory. The operation 81 is necessary
because a cycle (one subframe period) for displaying an
image in the display device in this embodiment is shorter than
an input cycle (one frame period) for the image inputted from
the outside of the display device. Note that the operation 80
and the operation 81 may be performed in reverse order. After
the operation 81, the process moves on to an operation 82.

In the operation 82, the gray level data X, of the original
image, which is written in the operation 81, is read at higher
speed than the writing in the operation 81, and the gray level
data X, of'the first subimage and the gray level data X, of the
second subimage are calculated in accordance with Formula
4 and the condition set by the operation 80. Note that the
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reading speed can be determined by the ratio of the length of
one subframe period to that of one frame period. Specifically,
for example, when the length of one subframe period is %2 of
the length of one frame period, reading is preferably per-
formed at double speed. Similarly, when the length of one
subframe period is Y4 of the length of one frame period,
reading is preferably performed at quadruple speed. After the
operation 82, the process moves on to an operation 83.

In the operation 83, as for the gray level data X, of the first
subimage and the gray level data X, of the second subimage,
which are calculated in the operation 82, the gray level data
X, of the first subimage is outputted to the display control
portion 34 in FIG. 2B, and the gray level data X, of the second
subimage is written to the memory. At this time, the first
subimage can be displayed on the display portion 35 in FIG.
2B. Note that the operation 83 is necessary because the timing
of displaying the first subimage and the timing of displaying
the second subimage are different from each other. Therefore,
the operation 83 can be replaced with another operation for
making the timing of display different. Specifically, the gray
level data X, of the first subimage may be written to the
memory and the gray level data X, of the second subimage
may be outputted to the display control portion 34, which is
different from the operation 83. Alternatively, both the gray
level data X, of the first subimage and the gray level data X,
of the second subimage may be written to the memory. After
the operation 83, the process moves on to an operation 84.

In the operation 84, whether the gray level data is the final
data for one screen is determined. When the operation 84
determines that the gray level data is the final data for one
screen, the process moves on to an operation 85. On the other
hand, the operation 84 determines that the gray level data is
not the final data for one screen, the process returns to the
operation 82, and the next gray level data is calculated and
outputted.

In the operation 85, after all the gray level data X, of the
first subimage is outputted, the gray level data X, of the
second subimage is read from the memory and outputted to
the display control portion 34. At this time, the second sub-
image can be displayed on the display portion 35 in FIG. 2B.
After the operation 85, the process moves on to an operation
86.

In the operation 86, whether the gray level data is the final
data for one screen is determined. When the operation 86
determines that the gray level data is the final data for one
screen, conversion and output of gray level data is finished.
On the other hand, the operation 86 determines that the gray
level data is not the final data for one screen, the process
returns to the operation 85, and the next gray level data is
outputted. Note that gray level data of the next image can be
written by the operation 81 at the same time as the second
subimage is displayed on the display portion 35 by the opera-
tions 85 and 86.

That is, a display device in this embodiment performs the
operations described in Embodiment 1. Among the opera-
tions, the operation of converting gray level data includes the
following operations: setting a condition for converting gray
level data; writing gray level data of the original image to a
memory; calculating gray level data of each subimage; out-
putting the gray level data of one subimage to a display
control portion and writing the gray level data of the other
subimage to the memory; determining whether the gray level
data is the final data for one screen; reading the gray level data
of the subimage, which is written to the memory, to be out-
putted to the display control portion; and determining
whether the gray level data of the subimage is the final data for
one screen.
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Note that the operations 80 to 86 illustrated in FIG. 8A can
be realized with a structure illustrated in FIG. 8B. The struc-
ture illustrated in FIG. 8B is a detailed example of the gray
level data conversion portion 33. When a gray level data
calculation portion 91 in FIG. 8B has a function of reading
setting data from the outside, the operation 80 can be realized.
Moreover, when the reading speed is higher than the writing
speed in a memory 90, the operation 81 can be realized.
Further, the operations 82 to 86 can be realized when the gray
level data calculation portion 91 has a function of calculating
the gray level data X, of the first subimage and the gray level
data X, of the second subimage, and a function of writing the
gray level data X, of the second subimage to a memory 92
while outputting the gray level data X, of the first subimage to
adisplay control portion, and the memory 92 has a function of
outputting the gray level data X, of the second subimage to
the display control portion.

That is, a display device in this embodiment is the display
device described in Embodiment 1, and includes the gray
level data calculation portion 91 which has a function of
reading setting data from the outside, a function of calculating
the gray level data X, ofthe first subimage and the gray level
data X, of the second subimage, and a function of writing the
gray level data X, of the second subimage to the memory
while outputting the gray level data X, of'the first subimage to
adisplay control portion; the memory 90 which has a function
of reading faster than writing; and the memory 92 which has
a function of outputting the gray level data X, of the second
subimage to the display control portion.

Next, a specific example of a method where the gray level
data X, of the original image is converted into the gray level
data X, of'the first subimage and the gray level data X, of the
second subimage will be described. In a first conversion
example, the instantaneous luminance is collected in the first
subimage so that the second subimage is closer to black
display, whereby the peak luminance and the quality of mov-
ing images are improved. In a second conversion example, the
gray level data X, of the first subimage is the same as the gray
level data X,, of the original image, and only the gray level
data X, of the second subimage is changed to improve the
peak luminance and the quality of moving images. In a third
conversion example, gamma correction is performed on the
gray level data X, of the first subimage so that the instanta-
neous luminance is increased, whereby the peak luminance
and the quality of moving images are improved. Note that in
all the conversion examples, conversion methods of the first
subimage and the second subimage are exchangeable.

The first conversion example will be described with refer-
enceto FIGS. 9A to 9F. A condition indicated by Formula 5 is
set in the operation 80 illustrated in FIG. 8 A, whereby the first
conversion example can be realized.

K ;7 [Formula 5]
X1 =MIN| (;) - Xo» Xuax

Here, MIN[A,B] indicates that a smaller value of A and B
is selected. When the lengths of subframes are the same, that
is, when n=%2 in Formulae 4 and 5, Formula 6 is derived from
Formulae 4 and 5.

1 L 126
X, = MINIQKY - Xo. Xupa : X = (2K - X7 — xyyy  Fomuiad]
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From Formula 6, the gray level data X, of the first subim-
age and the gray level data X, of the second subimage can be
uniquely determined with respect to the gray level data X, of
the original image. That is, a display device in this embodi-
ment is a display device in which the sum of a value obtained
by multiplying the gray level data X, of the first subimage
raised to the power of gamma by the duty ratio of the first
subframe period; and a value obtained by multiplying the
gray level data X, of the second subimage raised to the power
of gamma by the duty ratio of the second subframe period is
proportional to the gray level data X, of the original image
raised to the power of gamma. The gray level data X, of the
first subimage is the smaller value of the maximum gray level
X4 0f the gray level data and a value obtained by multiply-
ing the gray level data X, of the original image by a coefficient
(K/n)'"¥. Note that the constant n is the duty ratio of the first
subframe period in one frame period, and when the first
subframe period and the second subframe period are equal in
length, n=Y% is given.

FIGS. 9A to 9C are graphs each illustrating the relation
between X, and X, or X, in the case where the gray level data
X, is converted in accordance with Formula 6, with the gray
level data X, of the original image as the horizontal axis and
the gray level data (X, or X,) after conversion as the vertical
axis. FIG. 9A illustrates the case where the scale factor K in
Formula 6 is 0.5; FIG. 9B, 0.75; and FIG. 9C, 1. In FIGS. 9A
to 9C, dashed lines represent the relation between X, and X,
and dotted lines represent the relation between X, and X,.

That is, a display device in this embodiment is a display
device in which the sum of a value obtained by multiplying
the gray level data X, ofthe first subimage raised to the power
of' gamma by the duty ratio of the first subframe period; and a
value obtained by multiplying the gray level data X, of the
second subimage raised to the power of gamma by the duty
ratio ofthe second subframe period is proportional to the gray
level data X, of the original image raised to the power of
gamma. X, is proportional to X, when X, is 0, and X, is a
curve that is convex upward with respect to X, when X, is
X, r4x- Note that a proportionality coefficient in the relation
between X, and X, can be based on the scale factor K deter-
mined using gray level data distribution. Specifically, it is
preferably (2K) raised to the power of 1/y. Note that in the first
conversion example, when K=0.5, the gray level data X, of
the second subimage is always 0. That is, the second subim-
ageisablack image. When K=0.75, the range of X, where the
gray level data X, of the second subimage is 0 is 0=X,=212;
and K=1, 0=X,=<186. That is, in a display device in this
embodiment, when peak luminance is increased or decreased
in accordance with general brightness of an image, the range
of X, where the gray level data of the second subimage is not
01is 187=<X,=255 at the maximum.

Note that when gray level data is converted as the graphs
illustrated in FIGS. 9A to 9C, the relation between the gray
level data X, of the original image and the instantaneous
luminance in each subimage is as in the graphs in FIGS. 9D to
9F.

FIGS. 9D to 9F are graphs each illustrating the relation
between the gray level data X, ofthe original image in the first
conversion example and the instantaneous luminance of each
subimage with X, as the horizontal axis and the instantaneous
luminance as the vertical axis. In the graphs, dashed lines
represent the instantaneous luminance of the first subimage,
dotted lines represent the instantaneous luminance of the
second subimage, and solid lines represent the average value
of the instantaneous luminance of the first subimage and the
second subimage. Note that the instantaneous luminance of
the first subimage and the second subimage can be obtained
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by substituting the gray level data of the subimage, which is
obtained from Formula 6, into Formula 3. In addition, when
the first subframe period and the second subframe period are
equal in length, the average value of the instantaneous lumi-
nance of the first subimage and the second subimage is pro-
portional to integrated luminance that is obtained by integrat-
ing the instantaneous luminance with the time in one frame
period.

Therefore, when the solid lines in the graphs of FIGS. 9D
to 9F are compared to each other, it can be found that the
integrated luminance in all the gray level ranges can be
increased or decreased based on the scale factor K as in FIG.
1B in Embodiment 1. Accordingly, a display device with
improved peak luminance and quality of moving images can
be obtained.

That is, a display device in this embodiment is a display
device in which the sum of a value obtained by multiplying
the gray level data X, of' the first subimage raised to the power
of gamma by the duty ratio of the first subframe period; and a
value obtained by multiplying the gray level data X, of the
second subimage raised to the power of gamma by the duty
ratio ofthe second subframe period is proportional to the gray
level data X, of the original image raised to the power of
gamma. The second subimage is closer to black display by
collecting the instantaneous luminance into the first subimage
and the integrated luminance in one frame period is changed
in accordance with the scale factor K determined using gray
level data distribution. Note that in the first conversion
example, when K is larger than 0.5, the instantaneous lumi-
nance in the first subimage is saturated at a certain gray level.
However, by converting the gray level data in accordance with
Formula 6, the integrated luminance in one frame period can
be smoothly changed even at a gray level at which the inte-
grated luminance is saturated.

The second conversion example will be described with
reference to FIGS. 10A to 10F. A condition indicated by
Formula 7 is set in the operation 80 illustrated in FIG. 8A,
whereby the second conversion example can be realized.

X=X, [Formula 7]

Then, when the lengths of subframes are the same, that is,
when n=V% in Formula 4, Formula 8 is derived from Formulae
4 and 7.

1 [Formula 8]
X1 = Xo; X2 = (2K - 1)7 - Xo

From Formula 8, the gray level data X, of the first subim-
age and the gray level data X, of the second subimage can be
uniquely determined with respect to the gray level data X, of
the original image. That is, a display device in this embodi-
ment is a display device in which the sum of a value obtained
by multiplying the gray level data X, of the first subimage
raised to the power of gamma by the duty ratio of the first
subframe period; and a value obtained by multiplying the
gray level data X, of the second subimage raised to the power
of gamma by the duty ratio of the second subframe period is
proportional to the gray level data X, of the original image
raised to the power of gamma. The gray level data X, of the
first subimage is equal to the gray level data X, of the original
image.

FIGS. 10A to 10C are graphs each illustrating the relation
between X, and X, or X, in the case where the gray level data
is converted in accordance with Formula 8, with the gray level
data X, of the original image as the horizontal axis and the
gray level data (X, or X, ) after conversion as the vertical axis.



US 9,123,284 B2

39
FIG. 10A illustrates the case where the scale factor K in
Formula 8 is 0.5; FIG. 10B, 0.75; and FIG. 10C, 1. In FIGS.
10A to 10C, dashed lines represent the relation between X,
and X, and dotted lines represent the relation between X, and
Xs.

That is, a display device in this embodiment is a display
device in which the sum of a value obtained by multiplying
the gray level data X, ofthe first subimage raised to the power
of' gamma by the duty ratio of the first subframe period; and a
value obtained by multiplying the gray level data X, of the
second subimage raised to the power of gamma by the duty
ratio ofthe second subframe period is proportional to the gray
level data X, of the original image raised to the power of
gamma. X, is equal to X, and X, is proportional to X,,.

Note that a proportionality coefficient in the relation
between X, and X, can be based on the scale factor K deter-
mined using gray level data distribution. Specifically, it is
preferably (2K-1) raised to the power of 1/y. Note that in the
second conversion example, when K=0.5, the gray level data
X, of the second subimage is always 0. That is, the second
subimage is a black image. Note that the proportionality
coefficient between X, and X, is approximately 0.73 when
K=0.75 and is 1 when K=1. That is, in a display device in this
embodiment, when peak luminance is increased or decreased
in accordance with general brightness of an image, the pro-
portionality coefficient between the gray level data X, of the
second subimage and X, is increased or decreased between 0
and 1.

Note that when gray level data is converted as the graphs
illustrated in FIGS. 10A to 10C, the relation between the gray
level data X, of the original image and the instantaneous
luminance in each subimage is as in the graphs in FIGS. 10D
to 10F.

FIGS. 10D to 10F are graphs each illustrating the relation
between the gray level data X, of the original image in the
second conversion example and the instantaneous luminance
of each subimage with X, as the horizontal axis and the
instantaneous luminance as the vertical axis. In the graphs,
dashed lines represent the instantaneous luminance of the first
subimage, dotted lines represent the instantaneous luminance
of'the second subimage, and solid lines represent the average
value of the instantaneous luminance of the first subimage
and the second subimage. Note that the instantaneous lumi-
nance of the first subimage and the second subimage can be
obtained by substituting the gray level data of the subimage,
which is obtained from Formula 8, into Formula 3. In addi-
tion, when the first subframe period and the second subframe
period are equal in length, the average value of the instanta-
neous luminance of the first subimage and the second subim-
age is proportional to integrated luminance that is obtained by
integrating the instantaneous luminance with the time in one
frame period.

Therefore, when the solid lines in the graphs of FIGS. 10D
to 10F are compared to each other, it can be found that
integrated luminance in all the gray level ranges can be
increased or decreased based on the factor K as in FIG. 1B in
Embodiment 1. Accordingly, a display device with improved
peak luminance and quality of moving images can be
obtained. That is, a display device in this embodiment is a
display device in which the sum of a value obtained by mul-
tiplying the gray level data X, of the first subimage raised to
the power of gamma by the duty ratio of the first subframe
period; and a value obtained by multiplying the gray level
data X, of the second subimage raised to the power of gamma
by the duty ratio of the second subframe period is propor-
tional to the gray level data X, of the original image raised to
the power of gamma. The gray level data X, of the first
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subimage is the same as the gray level data X, of the original
image and only the gray level data X, of the second subimage
is changed, and the integrated luminance in one frame period
is changed in accordance with the scale factor K determined
using gray level data distribution. Note that in the second
conversion example, the only difference between the first
subimage and the second subimage is that the general bright-
ness is increased or decreased. That is, in a display device in
this embodiment, two images, the general brightness of each
of'which is increased or decreased, are sequentially displayed
so that the peak luminance is increased or decreased in accor-
dance with the general brightness of the image.

The third conversion example will be described with ref-
erence to FIGS. 11A to 11F. A condition indicated by For-
mula 9 is set in the operation 80 illustrated in FIG. 8A,
whereby the third conversion example can be realized.

[Formula 9]

X; Xo 7
(XM:X) :(XMZX)

Here, y' is a gamma value after correction. Note that the
gamma value after correction is preferably based on the scale
factor K determined using gray level data distribution. Spe-
cifically, y'=y—(K-0.5) can be given. For example, when the
gamma value is 2.2, the gamma value after correction is
preferably in the range of approximately 1.7 to 2.2. Note that
the gamma value is not limited thereto and can be a variety of
values. Then, when the lengths of subframes are the same,
that is, when n=Y% in Formula 4, Formula 10 is derived from
Formulae 4 and 9.

r 7 L [Formula 10]

Xy = Xyay - Xo 3 Xo = 2K-X{ - X{}¥

From Formula 10, the gray level data X, of the first sub-
image and the gray level data X, of the second subimage can
be uniquely determined with respect to the gray level data X,
of'the original image. That is, a display device in this embodi-
ment is a display device in which the sum of a value obtained
by multiplying the gray level data X, of the first subimage
raised to the power of gamma by the duty ratio of the first
subframe period; and a value obtained by multiplying the
gray level data X, of the second subimage raised to the power
of gamma by the duty ratio of the second subframe period is
proportional to the gray level data X, of the original image
raised to the power of gamma. A value obtained by dividing
the gray level data X, of the first subimage by the maximum
gray level and raising the obtained value to the power of 'y is
equal to a value obtained by dividing the gray level data X, of
the original image by the maximum gray level and raising the
obtained value to the power of y'.

FIGS. 11A to 11C are graphs each illustrating the relation
between X, and X, or X, in the case where the gray level data
is converted in accordance with Formula 10, with the gray
level data X, of the original image as the horizontal axis and
the gray level data (X, or X,) after conversion as the vertical
axis. FIG. 11A illustrates the case where the scale factor K in
Formula 10 is 0.5; F1IG. 11B, 0.75; and FIG. 11C, 1. In FIGS.
11A to 11C, dashed lines represent the relation between X,
and X, and dotted lines represent the relation between X, and
Xs.

That is, a display device in this embodiment is a display
device in which the sum of a value obtained by multiplying
the gray level data X, of' the first subimage raised to the power
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of' gamma by the duty ratio of the first subframe period; and a
value obtained by multiplying the gray level data X, of the
second subimage raised to the power of gamma by the duty
ratio ofthe second subframe period is proportional to the gray
level data X, of the original image raised to the power of
gamma. X, is proportional to a value obtained by raising X, to
the power of (y'/y). Note that a proportionality coefficient in
the relation between X, and X, can be based on the scale
factor K determined using gray level data distribution.

Specifically, the gamma value y' after correction is prefer-
ably changed in the range of approximately 1.7 to 2.2 in
accordance with the scale factor K determined using gray
level data distribution. Note that in the third conversion
example, when K=0.5, the gray level data X, of the second
subimage is always 0. That is, the second subimage is a black
image. When K=0.75, the gamma value of the first subimage
is smaller than the gamma value of the original image by 0.25,
and gamma correction is performed so that the general bright-
ness of the first subimage is increased. When K=1, the gamma
value of the first subimage is smaller than the gamma value of
the original image by 0.5, and gamma correction is performed
so that the general brightness of the first subimage is further
increased. That is, in a display device in this embodiment,
gamma correction is performed on the first subimage so that
the general brightness of the first subimage is increased, and
thus the peak luminance is increased or decreased in accor-
dance with the general brightness of the image. Note that in
the third conversion example, the instantaneous luminance of
the first subimage and the instantaneous luminance of the
second subimage can be made different from each other even
when K=1. Accordingly, afterimages of moving images or the
like can be reduced more effectively, and a display device
with further improved image quality can be obtained.

Note that when gray level data is converted as the graphs
illustrated in FIGS. 11A to 11C, the relation between the gray
level data X, of the original image and the instantaneous
luminance in each subimage is as in graphs in FIGS. 11D to
11F.

FIGS. 11D to 11F are graphs each illustrating the relation
between the gray level data X, of the original image in the
third conversion example and the instantaneous luminance of
each subimage with X, as the horizontal axis and the instan-
taneous luminance as the vertical axis. In the graphs, dashed
lines represent the instantaneous luminance of the first sub-
image, dotted lines represent the instantaneous luminance of
the second subimage, and solid lines represent the average
value of the instantaneous luminance of the first subimage
and the second subimage. Note that the instantaneous lumi-
nance of the first subimage and the second subimage can be
obtained by substituting the gray level data of the subimage,
which is obtained from Formula 10, into Formula 3. In addi-
tion, when the first subframe period and the second subframe
period are equal in length, the average value of the instanta-
neous luminance of the first subimage and the second subim-
age is proportional to integrated luminance that is obtained by
integrating the instantaneous luminance with the time in one
frame period.

Therefore, when the solid lines in the graphs of FIGS. 11D
to 11F are compared to each other, it can be found that
integrated luminance in all the gray level ranges can be
increased or decreased based on the scale factor K as in FIG.
1B in Embodiment 1. Accordingly, a display device with
improved peak luminance and quality of moving images can
be obtained. That is, a display device in this embodiment is a
display device in which the sum of a value obtained by mul-
tiplying the gray level data X, of the first subimage raised to
the power of gamma by the duty ratio of the first subframe
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period; and a value obtained by multiplying the gray level
data X, of the second subimage raised to the power of gamma
by the duty ratio of the second subframe period is propor-
tional to the gray level data X, of the original image raised to
the power of gamma. Gamma correction is performed on the
gray level data X, of the first subimage so as to increase the
instantaneous luminance, and the gamma value after correc-
tion is changed in accordance with the scale factor K deter-
mined using gray level data distribution.

Note that in this embodiment, the specific examples of a
method where the gray level data X, of the original image is
converted into the gray level data X of the first subimage and
the gray level data X, of the second subimage are described.
Since the conversion method described in this embodiment is
a specific example of the method in Embodiment 1, it is not
limited to those described above, and a variety of methods can
be used.

Embodiment 4

As Embodiment 4, another structure example and a driving
method of a display device will be described. In this embodi-
ment, the case of using a display device including a display
element whose luminance response with respect to signal
writing is slow (the response time is long) will be described.
In this embodiment, a liquid crystal element is described as an
example of the display element with long response time;
however, a display element in this embodiment is not limited
thereto, and a variety of display elements in which luminance
response with respect to signal writing is slow can be used.

In a general liquid crystal display device, luminance
response with respect to signal writing is slow, and it some-
times takes more than one frame period to complete the
response even when a signal voltage continues to be applied
to a liquid crystal element. Moving images cannot be pre-
cisely displayed by such a display element. Further, in the
case of employing active matrix driving, the time for signal
writing to one liquid crystal element is only a period (one scan
line selection period) obtained by dividing a signal writing
cycle (one frame period or one subframe period) by the num-
ber of scan lines, and the liquid crystal element cannot
respond in such a short time in many cases.

Therefore, most of the response of the liquid crystal ele-
ment is performed in a period when signal writing is not
performed. Here, the dielectric constant of the liquid crystal
element is changed in accordance with the transmissivity of
the liquid crystal element, and the response of the liquid
crystal element in a period when signal writing is not per-
formed means that the dielectric constant of the liquid crystal
element is changed in a state where electric charge is not
exchanged with the outside of the liquid crystal element (in a
constant charge state). In other words, in the formula where
charge=(capacitance)-(voltage), the capacitance is changed
in a state where the charge is constant. Accordingly, a voltage
applied to the liquid crystal element is changed from a voltage
at the time of signal writing, in accordance with the response
of'the liquid crystal element. Therefore, when the liquid crys-
tal element whose luminance response with respect to signal
writing is slow is driven by an active matrix mode, a voltage
applied to the liquid crystal element cannot theoretically
reach the voltage at the time of signal writing.

In a display device in this embodiment, the signal level at
the time of signal writing is corrected in advance (a correction
signal is used) so that a display element can reach desired
luminance within a signal writing cycle, whereby the above
problem can be solved. Further, since the response time of the
liquid crystal element is shorter as the signal level becomes
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higher, the response time of the liquid crystal element can also
be shorter by writing a correction signal. A driving method in
which such a correction signal is added is referred to as
overdriving.

By overdriving in this embodiment, even when a signal
writing cycle is shorter than a cycle (an input image signal
cycle T,,) for an image signal inputted to the display device,
the signal level is corrected in accordance with the signal
writing cycle, whereby the display element can reach desired
luminance within the signal writing cycle. The case where the
signal writing cycle is shorter than the input image signal
cycleT,,, is, for example, the case where one original image is
divided into a plurality of subimages and the plurality of
subimages are sequentially displayed in one frame period.

Next, an example of correcting the signal level at the time
of signal writing in an active matrix display device will be
described with reference to FIGS. 12A and 12B. FIG. 12A is
a graph schematically illustrating change over time in signal
level at the time of signal writing in one display element, with
the time as the horizontal axis and the signal level at the time
of signal writing as the vertical axis. FIG. 12B is a graph
schematically illustrating change over time in display level,
with the time as the horizontal axis and the display level as the
vertical axis. Note that when the display element is a liquid
crystal element, the signal level at the time of signal writing
can be the voltage, and the display level can be the transmis-
sivity of the liquid crystal element. In the following descrip-
tion, the vertical axis in FIG. 12A is regarded as the voltage,
and the vertical axis in FIG. 12B is regarded as the transmis-
sivity.

Note that in the overdriving in this embodiment, the signal
level may be other than the voltage (may be the duty ratio or
current, for example). Moreover, in the overdriving in this
embodiment, the display level may be other than the trans-
missivity (may be luminance or current, for example). Liquid
crystal elements are classified into two modes: a normally
black mode in which black is displayed when a voltage is 0
(e.g., a VA mode and an IPS mode), and a normally white
mode in which white is displayed when a voltage is O (e.g., a
TN mode and an OCB mode). The graph illustrated in FIG.
12B can correspond to both modes; the transmissivity
increases in the upper part of the graph in the normally black
mode, and the transmissivity increases in the lower part of the
graph in the normally white mode. That is, a liquid crystal
mode in this embodiment may be a normally black mode or a
normally white mode. Note that the timing of signal writing is
represented on the time axis by dotted lines, and a period after
signal wiring is performed until the next signal writing is
performed is referred to as a retention period F.

In this embodiment, i is an integer and an index for repre-
senting each retention period. In FIGS. 12A and 12B, 1is O to
2; however, 1 can be an integer other than 0 to 2 (only the case
whereiis 0to 2 is illustrated). Note that in the retention period
F,, the transmissivity for realizing luminance corresponding
to an image signal is denoted by T,, and the voltage for
providing the transmissivity T, in a constant state is denoted
by V,.InFIG. 12A, a dashed line 1201 represents change over
time in voltage applied to the liquid crystal element when
overdriving is not performed, and a solid line 1202 represents
change over time in voltage applied to the liquid crystal
element when the overdriving in this embodiment is per-
formed. Similarly, in FIG. 12B, a dashed line 1203 represents
change over time in transmissivity of the liquid crystal ele-
ment when overdriving is not performed, and a solid line 1204
represents change over time in transmissivity of the liquid
crystal element when the overdriving in this embodiment is
performed. Note that the difference between the desired
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transmissivity T, and the actual transmissivity at the end of the
retention period F, is referred to as an error a,.

Itis assumed that, in the graph illustrated in FIG. 12 A, both
the dashed line 1201 and the solid line 1202 represent the case
where a desired voltage V, is applied in a retention period F;
and in the graph illustrated in FIG. 12B, both the dashed line
1203 and the solid line 1204 represent the case where desired
transmissivity T, is obtained. When overdriving is not per-
formed, a desired voltage V| is applied at the beginning of a
retention period F, as shown by the dashed line 1201. As has
been described above, a period for signal writing is extremely
shorter than a retention period, and the liquid crystal element
is in a constant charge state in most of the retention period.
Accordingly, a voltage applied to the liquid crystal element in
the retention period F, is changed along with change in trans-
missivity and becomes greatly different from the desired volt-
age V, at the end of the retention period F,. At this time, the
dashed line 1203 in the graph of FIG. 12B is greatly different
from desired transmissivity T,. Accordingly, accurate display
of an image signal cannot be performed, and thus the image
quality is degraded.

On the other hand, when the overdriving in this embodi-
ment is performed, a voltage V,, which is larger than the
desired voltage V, is applied to the liquid crystal element at
the beginning of'the retention period F, as shown by the solid
line 1202. That is, the voltage V| which is corrected from the
desired voltage V, is applied to the liquid crystal element at
the beginning of the retention period F, so that the voltage
applied to the liquid crystal element at the end of the retention
period F, is close to the desired voltage V| in anticipation of
gradual change in voltage applied to the liquid crystal element
in the retention period F,. Accordingly, the desired voltage V,
can be accurately applied to the liquid crystal element. At this
time, as shown by the solid line 1204 in the graph of F1G. 12B,
the desired transmissivity T, can be obtained at the end of the
retention period F, . In other words, the response of the liquid
crystal element within the signal writing cycle can be real-
ized, despite the fact that the liquid crystal element is in a
constant charge state in most of the retention period.

Then, in a retention period F,, the case where a desired
voltageV, is lowerthan V| is shown. Inthat case also, as in the
retention period F |, a voltage V,' which is corrected from the
desired voltage V, may be applied to the liquid crystal ele-
ment at the beginning of the retention period F, so that the
voltage applied to the liquid crystal element at the end of the
retention period F, is close to the desired voltage V, in antici-
pation of gradual change in voltage applied to the liquid
crystal element in the retention period F,. Accordingly, as
shown by the solid line 1204 in the graph of FIG. 12B, desired
transmissivity T, can be obtained at the end of the retention
period F,.

Note that when V; is higher than like in the retention period
F,, the corrected voltage V,. is preferably corrected to be
higher than a desired voltage V,. Further, when V, is lower
thanV,_,, like in the retention period F,, the corrected voltage
V| is preferably corrected to be lower than the desired voltage
V,. A specific correction value can be derived by measuring
response characteristics of the liquid crystal element in
advance. As a method of realizing the overdriving in a device,
a method in which a correction formula is formulated and
included in a logic circuit, a method in which a correction
value is stored in a memory as a lookup table and read as
necessary, or the like can be used.

Note that there are several limitations on the actual real-
ization of the overdriving in this embodiment as a device. For
example, voltage correction has to be performed in the range
of the rated voltage of a source driver. That is, if a desired
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voltage is originally high and an ideal correction voltage
exceeds the rated voltage of the source driver, not all correc-
tion can be performed. Problems in such a case will be
described with reference to FIGS. 12C and 12D.

As in FIG. 12A, FIG. 12C is a graph in which change over
time in voltage in one liquid crystal element is schematically
illustrated as a solid line 1205 with the time as the horizontal
axis and the voltage as the vertical axis. As in FIG. 12B, FIG.
12D is a graph in which change over time in transmissivity of
one liquid crystal element is schematically illustrated as a
solid line 1206 with the time as the horizontal axis and the
transmissivity as the vertical axis. Note that other references
are similar to those in FIGS. 12A and 12B; therefore, the
description is not repeated. FIGS. 12C and 12D illustrate a
state where sufficient correction is not performed because the
correction voltage V' for realizing the desired transmissivity
T, in the retention period F, exceeds the rated voltage of the
source driver, and thus V,'=V| has to be given. At this time,
the transmissivity at the end of the retention period F, is
deviated from the desired transmissivity T, by the error a.
Note that the error a; is increased only when the desired
voltage is originally high; therefore, degradation of image
quality due to occurrence of the error a, is often in the allow-
able range. However, as the error ., is increased, an error in
the algorithm for voltage correction is also increased. In other
words, in the algorithm for voltage correction, when it is
assumed that the desired transmissivity is obtained at the end
of the retention period, even though the error o, is increased,
the voltage correction is performed on the basis that the error
o, is small. Accordingly, the error is included in the correction
in the next retention period F,, and thus, an error a., is also
increased. Moreover, when the error o, is increased, the fol-
lowing error a is further increased, for example, and the error
is increased in a chain reaction manner, resulting in signifi-
cant degradation of image quality.

In the overdriving in this embodiment, in order to prevent
increase of errors in such a chain reaction manner, when the
correction voltage V,' exceeds the rated voltage of the source
driver in the retention period F,, an error ¢, at the end of the
retention period F, is assumed, and the correction voltage in a
retention period F,, ; can be adjusted in consideration of the
amount of the error o,. Accordingly, even when the error o, is
increased, the effect of the error ¢, on the error ¢, , can be
minimized, whereby increase of errors in a chain reaction
manner can be prevented.

An example where the error a., is minimized in the over-
driving in this embodiment will be described with reference
to FIGS. 12E and 12F. In a graph of FIG. 12E, a solid line
1207 represents change over time in voltage in the case where
the correction voltage V' in the graph of FIG. 12C is further
adjusted to be a correction voltage V,". A graph of FIG. 12F
illustrates change over time in transmissivity in the case
where a voltage is corrected in accordance with the graph of
FIG. 12E.

The solid line 1206 in the graph of FIG. 12D indicates that
excessive correction is caused by the correction voltage V,'.
On the other hand, the solid line 1208 in the graph of FIG. 12F
indicates that excessive correction is suppressed by the cor-
rection voltage V," which is adjusted in consideration of the
error ., and the error o, is minimized. Note that a specific
correction value can be derived from measuring response
characteristics of the liquid crystal element in advance. As a
method of realizing the overdriving in the device, a method in
which a correction formula is formulated and included in a
logic circuit, a method in which a correction value is stored in
a memory as a lookup table and read as necessary, or the like
can be used. Moreover, such a method can be added sepa-
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rately from a portion for calculating a correction voltage V,' or
included in the portion for calculating a correction voltage V.
Note that the amount of correction of a correction voltage V'
which is adjusted in consideration of an error o,_, (the differ-
ence with the desired voltage V,) is preferably smaller than
that of V. That is, IV,"-V,I<IV,'-V,] is preferable.

Note that the error o, which is caused because an ideal
correction voltage exceeds the rated voltage of the source
driver is increased as a signal writing cycle is shorter. This is
because the response time of the liquid crystal element needs
to be shorter as the signal writing cycle is shorter, and thus, the
higher correction voltage is necessary. Further, as a result of
increasing the correction voltage needed, the correction volt-
age exceeds the rated voltage of the source driver more fre-
quently, whereby the large error a; occurs more frequently.
Therefore, the overdriving in this embodiment is more effec-
tive as the signal writing cycle is shorter. Specifically, the
overdriving in this embodiment is significantly effective in
the case of performing the following driving methods, for
example, the case where one original image is divided into a
plurality of subimages and the plurality of subimages are
sequentially displayed in one frame period, the case where
motion of an image is detected from a plurality of images and
an intermediate image of the plurality of images is generated
and inserted between the plurality of images (so-called
motion compensation double-frame rate driving), and the
case where such driving methods are combined.

Note that a rated voltage of the source driver has the lower
limit in addition to the upper limit described above. An
example of the lower limit is the case where a voltage lower
than the voltage 0 cannot be applied. At this time, since an
ideal correction voltage cannot be applied as in the case of the
upper limit described above, the error ¢, is increased. How-
ever, in that case also, the error o, at the end of the retention
period F, is assumed, and the correction voltage in the reten-
tion period F,,, can be adjusted in consideration of the
amount of the error o, in a similar manner as the above
method. Note that when a voltage (a negative voltage) lower
than the voltage 0 can be applied as a rated voltage of the
source driver, the negative voltage may be applied to the
liquid crystal element as a correction voltage. Accordingly,
the voltage applied to the liquid crystal element at the end of
retention period F, can be adjusted to be close to the desired
voltage V,; in anticipation of change in potential due to a
constant charge state.

In addition, in order to suppress degradation of the liquid
crystal element, so-called inversion driving in which the
polarity of a voltage applied to the liquid crystal element is
periodically reversed can be performed in combination with
the overdriving. That is, the overdriving in this embodiment
includes, in its category, the case where the overdriving is
performed at the same time as the inversion driving. For
example, in the case where the length of the signal writing
cycleis V2 of that of the input image signal cycle T, , when the
length of a cycle for reversing the polarity is approximately
the same as that of the input image signal cycle T,,,, two sets
of writing of a positive signal and two sets of writing of a
negative signal are alternately performed. The length of the
cycle for reversing the polarity is made larger than that of the
signal writing cycle in such a manner, whereby the frequency
of charge and discharge of a pixel can be reduced, and thus
power consumption can be reduced. Note that when the cycle
forreversing the polarity is made too long, a defect sometimes
occurs in which luminance difference due to the difference of
polarity is recognized as a flicker; therefore, it is preferable
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that the length of the cycle for reversing the polarity is sub-
stantially the same as or smaller than that of the input image
signal cycle T,,.

Embodiment 5

As another structure example and a driving method of a
display device will be described. In this embodiment, a
method will be described in which an image that compensates
motion of an image (an input image) which is inputted from
the outside of a display device is generated inside the display
device based on a plurality of input images and the generated
image (the generation image) and the input image are sequen-
tially displayed. Note that an image for interpolating motion
of an input image serves as a generation image, motion of
moving images can be smooth, and degradation of quality of
moving images because of afterimages or the like due to hold
driving can be suppressed. Here, moving image interpolation
will be described below.

Ideally, display of moving images is realized by controlling
the luminance of each pixel in real time; however, individual
control of pixels in real time has problems such as the enor-
mous number of control circuits, space for wirings, and the
enormous amount of data of input images, and thus is difficult
to be realized. Therefore, at present, for display of moving
images by a display device, a plurality of still images are
sequentially displayed in a certain cycle so that display
appears to be moving images. The cycle (in this embodiment,
referred to as an input image signal cycle and represented by
T,,) 1s standardized, and for example, Yo second in NTSC
(National Television Standards Committee) and Y50 second in
PAL (Phase Alternating Line). Such a cycle does not cause a
problem of moving image display in a CRT which is an
impulse-type display device. However, in a hold-type display
device, when moving images conforming to these standards
are displayed as they are, a defect (hold blur) in which display
is blurred because of afterimages or the like due to hold
driving occurs.

Holdbluris recognized by the discrepancy between uncon-
scious motion interpolation due to human eye tracking and
hold-type display, and thus can be reduced by making the
input image signal cycle shorter than that in the conventional
standards (by making the control closer to individual control
of pixels in real time). However, it is difficult to reduce the
length of the input image signal cycle because the standard
needs to be changed and the amount of data is further
increased. Note that an image for interpolating motion of an
input image is generated inside the display device based on a
standardized input image signal, and display is performed
while the generation image interpolates the input image,
whereby hold blur can be reduced without change of the
standard or increase of the amount of data. An operation such
that an image signal is generated inside the display device
based on an input image signal to interpolate motion of the
input image is referred to as moving image interpolation.

By a method for interpolating moving images in this
embodiment, motion blur can be reduced. The method for
interpolating moving images in this embodiment can include
an image generation method and an image display method.
Moreover, by using another image generation method and/or
image display method for motion with a specific pattern,
motion blur can be effectively reduced. FIGS. 13A and 13B
each are a schematic diagram for illustrating an example of a
method for interpolating moving images in this embodiment.

FIGS. 13A and 13B each illustrate the timing of treating
each image using the position of the horizontal direction, with
the time as the horizontal axis. A portion represented as
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“input” indicates the timing when an input image signal is
inputted. Here, an image 1301 and 1302 are focused as two
images that are temporally adjacent. An input image is input-
ted at an interval of the cycle T,,,. Note that the length of one
cycle T,, is sometimes referred to as one frame or one frame
period. A portion represented as “generation” indicates the
timing when a new image is generated from the input image
signal. Here, an image 1303 which is a generation image
generated based on the images 1301 and 1302 is focused. A
portion represented as “display” indicates the timing when an
image is displayed in the display device. Note that images
other than the focused images are only represented by dashed
lines, and by treating such images in a manner similar to that
of'the focused image, the example of the method for interpo-
lating moving images in this embodiment can be realized.

In the example of the method for interpolating moving
images in this embodiment, as illustrated in FIG. 13A, a
generation image which is generated based on two input
images that are temporally adjacent is displayed in a period
after one image is displayed until the other image is dis-
played, whereby moving image interpolation can be per-
formed. At this time, a display cycle of the display image is
preferably %2 of an input cycle of the input image. Note that
the display cycle is not limited thereto and can be a variety of
display cycles. For example, when the length of the display
cycle is smaller than ¥ of that of the input cycle, moving
images can be displayed more smoothly. Alternatively, when
the length of the display cycle is larger than %% of that of the
input cycle, power consumption can be reduced.

Note that here, an image is generated based on two input
images that are temporally adjacent; however, the number of
input images serving as a basis is not limited to two and can be
other numbers. For example, when an image is generated
based on three (may be more than three) input images that are
temporally adjacent, a generation image with higher accuracy
can be obtained as compared to the case where an image is
generated based on two input images. Note that the display
timing of the image 1301 is the same time as the input timing
of'the image 1302, that s, the display timing is one frame later
than the input timing. However, the display timing in the
method for interpolating moving images in this embodiment
is not limited thereto and can be a variety of display timings.
For example, the display timing can be delayed with respect
to the input timing by more than one frame. Accordingly, the
display timing of the image 1303 which is the generation
image can be delayed, which allows enough time to generate
the image 1303 and leads to reduction in power consumption
and manufacturing costs. Note that when the display timing is
delayed for a long time as compared to the input timing, a
period for holding an input image is longer, and the memory
capacity necessary for holding the input image is increased.
Therefore, the display timing is preferably delayed with
respect to the input timing by approximately one to two
frames.

Here, an example of a specific generation method of the
image 1303 which is generated based on the images 1301 and
1302 is described. It is necessary to detect motion in an input
image in order to interpolate moving images. In this embodi-
ment, a method called a block matching method can be used
in order to detect motion in an input image. Note that this
embodiment is not limited thereto, and a variety of methods
(e.g., a method of obtaining the difference of image data or a
method of using Fourier transformation) can be used.

In the block matching method, first, image data for one
input image (here, image data of the image 1301) is stored in
a data storage means (e.g., a memory circuit such as a semi-
conductor memory or a RAM). Then, an image in the next
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frame (here, the image 1302) is divided into a plurality of
regions. Note that the divided regions can have the same
rectangular shape as illustrated in FIG. 13A; however, they
are not limited thereto and can have a variety of shapes (e.g.,
the shape or size varies depending on images). After that, in
each divided region, the data is compared with the image data
in the previous frame (here, the image data of the image
1301), which is stored in the data storage means, so as to
search for a region where the image data is similar thereto.
The example of FIG. 13A illustrates that the image 1301 is
searched for a region where data is similar to that of a region
1304 in the image 1302, and a region 1306 is found. Note that
a search range is preferably limited when the image 1301 is
searched. In the example of FIG. 13A, a region 1305 which is
approximately four times larger than the region 1304 is set as
the search range. By making the search range larger than this,
detection accuracy can be increased even in a moving image
with high-speed motion. Note that search in an excessively
wide range needs an enormous amount of time, which makes
it difficult to realize detection of motion. Accordingly, the
region 1305 has preferably approximately two to six times
larger than the area of the region 1304.

After that, the difference of the position between the
searched region 1306 and the region 1304 in the image 1302
is obtained as a motion vector 1307. The motion vector 1307
represents motion of image data in the region 1304 in one
frame period. Then, in order to generate an image showing an
intermediate state of motion, an image generation vector
1308 obtained by changing the size of the motion vector
without changing the direction thereof is generated, and
image data included in the region 1306 of the image 1301 is
moved in accordance with the image generation vector 1308,
whereby image data in a region 1309 of the image 1303 is
generated. By performing a series of processings on the entire
region of the image 1302, the image 1303 can be generated.
Then, by sequentially displaying the input image 1301, the
generation image 1303, and the input image 1302, moving
images can be interpolated. Note that the position of an object
1310 in the image is different (i.e., the object is moved) in the
images 1301 and 1302. In the generated image 1303, the
object is located at the midpoint between the images 1301 and
1302. By displaying such images, motion of moving images
can be smooth, and blur of moving images due to afterimages
or the like can be reduced.

Note that the size of the image generation vector 1308 can
be determined in accordance with the display timing of the
image 1303. In the example of FIG. 13 A, since the display
timing of the image 1303 is the midpoint (V/2) between the
display timings of the images 1301 and 1302, the size of the
image generation vector 1308 is %% of that of the motion
vector 1307. Alternatively, for example, when the display
timing is at the first ¥ of the cycle T,,, the size of the image
generation vector 1308 can be V4; and when the display tim-
ing is at the latter ¥4 of the cycle T,,,, the size can be %5.

Note that when a new image is generated by moving a
plurality of region having different motion vectors in such a
manner, a portion where one region is already moved to a
region that is a destination for another region or a portion to
which any region is not moved sometimes occur (i.e., overlap
or blank sometimes occurs). For such portions, data can be
compensated. As a method for compensating an overlap por-
tion, a method where overlap data are averaged; a method
where data is arranged in order of priority according to the
direction of motion vectors or the like, and high-priority data
is used as data in a generation image; or a method where one
of color and brightness is arranged in order of priority and the
other is averaged can be used, for example. As a method for
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compensating a blank portion, amethod where image data for
the portion of the image 1301 or the image 1302 is used as
data in a generation image without modification, a method
where image data for the portion of the image 1301 or the
image 1302 is averaged, or the like can be used. Then, the
generated image 1303 is displayed in accordance with the
size of the image generation vector 1308, whereby motion of
moving images can be smooth, and degradation of quality of
moving images because of afterimages or the like due to hold
driving can be suppressed.

In another example of the method for interpolating moving
images in this embodiment, as illustrated in FIG. 13B, when
a generation image which is generated based on two input
images that are temporally adjacent is displayed in a period
after one image is displayed until the other image is dis-
played, each display image is divided into a plurality of sub-
images to be displayed, whereby moving image can be inter-
polated. This case can have advantages of displaying a dark
image at regular intervals (advantages when a display method
comes closer to impulse-type display) in addition to advan-
tages of a shorter image display cycle. That is, blur of moving
images due to afterimages or the like can further be reduced as
compared to the case where the length of the image display
cycle is just made to %2 of that of the image input cycle.

In the example of FIG. 13B, “input” and “generation” can
be similar to the processings in the example of FIG. 13A;
therefore, the description is not repeated. For “display” in the
example of FIG. 13B, one input image and/or one generation
image can be divided into a plurality of subimages to be
displayed. Specifically, as illustrated in FIG. 13B, the image
1301 is divided into images 13014 and 13015 and the images
13014 and 13015 are sequentially displayed so as to make the
human eye perceive that the image 1301 is displayed; the
image 1303 is divided into images 1303a and 13035 and the
images 1303¢ and 13035 are sequentially displayed so as to
make the human eye perceive that the image 1303 is dis-
played; and the image 1302 is divided into images 13024 and
13025 and the images 1302a and 130256 are sequentially
displayed so as to make the human eye perceive that the image
1302 is displayed.

That is, a display method can be closer to impulse-type
display while the image perceived by the human eye is similar
to that in the example of FIG. 13A, whereby blur of moving
images due to afterimages or the like can further be reduced.
Note that the number of division of subimages is two in FI1G.
13B; however, it is not limited thereto and can be other num-
bers. Moreover, subimages are displayed at regular intervals
(*2) in FIG. 13B; however, the timing of displaying subim-
ages is not limited thereto and can be a variety of timings. For
example, when the timing of displaying dark subimages
(130154, 13025, and 13035) is made earlier (specifically, the
timing at Y4 to %), a display method can be much closer to
impulse-type display, whereby blur of moving images due to
afterimages or the like can further be reduced. Alternatively,
when the timing of displaying dark subimages is delayed
(specifically, the timing at ' to 34), the length of a period for
displaying a bright image can be increased, whereby display
efficiency can be increased, and power consumption can be
reduced.

Another example of the method for interpolating moving
images in this embodiment is an example in which the shape
of an object moved in an image is detected and different
processings are performed depending on the shape of the
moving object. FIG. 13C illustrates the display timing as in
the example of FIG. 13B and the case where moving charac-
ters (also referred to as scrolling texts, subtitles, captions, or
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the like) are displayed. Note that since “input” and “genera-
tion” may be similar to those in FIG. 13B, they are not shown
in FIG. 13C.

The amount of blur of moving images by hold driving
sometimes varies depending on properties of a moving
object. In particular, blur is often recognized remarkably
when characters are moved. This is because the eye follows
moving characters to read the characters, and thus hold blur is
likely to occur. Further, since characters often have clear
outlines, blur due to hold blur is further emphasized in some
cases. That is, determining whether an object moved in an
image is a character and perform a special processing when
the object is the character is effective in reducing in hold blur.

Specifically, when edge detection, pattern detection, and/
or the like is/are performed on an object moved in an image
and the object is determined to be a character, motion com-
pensation is performed even on subimages generated by
dividing one image so that an intermediate state of motion is
displayed, whereby motion can be smooth. In the case where
the object is determined not to be a character, when subim-
ages are generated by dividing one image as illustrated in
FIG. 13B, the subimages can be displayed without changing
the position of the moving object. The example of FIG. 13C
illustrates the case where a region 1320 determined to be
characters is moved upward, and the position of the region
1320 is different between the images 1301a¢ and 13015. Simi-
larly, the position of the region 1320 is different between the
images 1303a and 13035, and between the images 1302a and
13025. Accordingly, motion of characters for which hold blur
is particularly likely to be recognized can be smoother than
that by normal motion compensation double-frame rate driv-
ing, whereby blur of moving images due to afterimages or the
like can further be reduced.

Note that it is effective to combine the example illustrated
in FIG. 13C in this embodiment with text detection for peak
luminance control. This is because a circuit, algorithm, and/or
the like for detecting a text in order to precisely control the
peak luminance can be shared with a text detection means to
reduce hold blur in this embodiment. Accordingly, even when
peak luminance control and reduction in hold blue are per-
formed at the same time, they can be realized without a major
addition to the structure and/or operation of the display
device.

Embodiment 6

In this embodiment, a structure and an operation of a pixel
which can be applied to a liquid crystal display device will be
described.

FIG. 14A illustrates an example of a pixel structure which
can be applied to a liquid crystal display device. A pixel 580
includes a transistor 581, a liquid crystal element 582, and a
capacitor 583. A gate of the transistor 581 is electrically
connected to a wiring 585. A first terminal of the transistor
581 is electrically connected to a wiring 584. A second ter-
minal of the transistor 581 is electrically connected to a first
terminal of the liquid crystal element 582. A second terminal
of'the liquid crystal element 582 is electrically connected to a
wiring 587. A first terminal of the capacitor 593 is electrically
connected to the first terminal of the liquid crystal element
582. A second terminal of the capacitor 583 is electrically
connected to a wiring 586. Note that a first terminal of a
transistor is one of a source and a drain, and a second terminal
of the transistor is the other of the source and the drain. That
is, when the first terminal of the transistor is the source, the
second terminal of the transistor is the drain. Similarly, when
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the first terminal of the transistor is the drain, the second
terminal of the transistor is the source.

The wiring 584 can function as a signal line. The signal line
is a wiring for transmitting a signal voltage, which is inputted
from the outside of the pixel, to the pixel 580. The wiring 585
can function as a scan line. The scan line is a wiring for
controlling on and off of the transistor 581. The wiring 586
can function as a capacitor line. The capacitor line is a wiring
for applying a predetermined voltage to the second terminal
of the capacitor 583. The transistor 581 can function as a
switch. The capacitor 583 can function as a storage capacitor.
The storage capacitor is a capacitor with which the signal
voltage continues to be applied to the liquid crystal element
582 even when the switch is off. The wiring 587 can function
as a counter electrode. The counter electrode is a wiring for
applying a predetermined voltage to the second terminal of
the liquid crystal element 582. Note that a function of each
wiring is not limited thereto, and each wiring can have a
variety of functions. For example, by changing a voltage
applied to the capacitor line, a voltage applied to the liquid
crystal element can be adjusted. Note that the transistor 581
can be a p-channel transistor or an n-channel transistor
because it merely functions as a switch.

FIG. 14B illustrates an example of a pixel structure which
can be applied to the liquid crystal display device. The
example of the pixel structure illustrated in FIG. 14B is the
same as that in FIG. 14 A except that the wiring 587 is omitted
and the second terminal of the liquid crystal element 582 and
the second terminal of the capacitor 583 are electrically con-
nected to each other. The example of the pixel structure in
FIG. 14B can be particularly applied to the case of using a
horizontal electric field mode (including an IPS mode and
FFS mode) liquid crystal element. This is because in the
horizontal electric field mode liquid crystal element, the sec-
ond terminal of the liquid crystal element 582 and the second
terminal of the capacitor 583 can be formed over one sub-
strate, and thus it is easy to electrically connect the second
terminal of the liquid crystal element 582 and the second
terminal of the capacitor 583. With the pixel structure in FI1G.
14B, the wiring 587 can be omitted, whereby a manufacturing
process can be simplified, and manufacturing costs can be
reduced.

A plurality of pixel structures illustrated in FIG. 14A or
FIG. 14B can be arranged in matrix. Accordingly, a display
portion of a liquid crystal display device is formed, and a
variety of images can be displayed. FIG. 14C illustrates a
circuit configuration in the case where a plurality of pixel
structures illustrated in FIG. 14 A are arranged in matrix. FIG.
14C is the circuit diagram illustrating four pixels among a
plurality of pixels included in the display portion. A pixel
arranged in 1 row and j column (each of i and j is a natural
number) is represented as a pixel 580(7, /), and a wiring 584(7),
awiring 585(j), and a wiring 586() are electrically connected
to the pixel 580(, ;). Similarly, a wiring 584(i+1), the wiring
585(j), and the wiring 586(j) are electrically connected to a
pixel 580(i+1, j). Similarly, the wiring 584(i), a wiring 585
(j+1), and a wiring 586(j+1) are electrically connected to a
pixel 580(i, j+1). Similarly, the wiring 584(i+1), the wiring
585(j+1), and the wiring 586(j+1) are electrically connected
to a pixel 580(i+1, j+1). Note that each wiring can be used in
common with a plurality of pixels in the same row or the same
column. In the pixel structure illustrated in FIG. 14C, the
wiring 587 is a counter electrode, which is used by all the
pixels in common; therefore, the wiring 587 is not indicated
by the natural number i or j. Further, since the pixel structure
in FIG. 14B can also be used in this embodiment, the wiring
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587 is not essential even in a structure where the wiring 587 is
described, and can be omitted when another wiring serves as
the wiring 587, for example.

The pixel structure in FIG. 14C can be driven by a variety
of driving methods. In particular, when the pixels are driven
by a method called alternating-current driving, degradation
(burn-in) ofthe liquid crystal element can be suppressed. FIG.
14D is a timing chart of voltages applied to each wiring in the
pixel structure in FIG. 14C in the case where dot inversion
driving which is a kind of alternating-current driving is per-
formed. By the dot inversion driving, flickers seen when the
alternating-current driving is performed can be suppressed.

In the pixel structure in FIG. 14C, a switch in a pixel
electrically connected to the wiring 585(y) is brought into a
selection state (an on state) in a j-th gate selection period in
one frame period, and into a non-selection state (an off state)
in the other periods. Then, a (j+1)th gate selection period is
provided after the j-th gate selection period. By performing
sequential scanning in such a manner, all the pixels are
sequentially brought into a selection state within one frame
period. In the timing chart of FIG. 14D, when a voltage is at
high level, the switch in the pixel is brought into a selection
state; when a voltage is at low level, the switch is brought into
a non-selection state. Note that this is the case where the
transistors in the pixels are n-channel transistors. In the case
of using p-channel transistors, the relation between the volt-
age and the selection state is opposite to that in the case of
using n-channel transistors.

In the timing chart illustrated in FIG. 14D, in the j-th gate
selection period in a k-th frame (k is a natural number), a
positive signal voltage is applied to the wiring 584(i) used as
a signal line, and a negative signal voltage is applied to the
wiring 584(i+1). Then, in the (j+1)th gate selection period in
the k-th frame, a negative signal voltage is applied to the
wiring 584(7), and a positive signal voltage is applied to the
wiring 584(i+1). After that, signals whose polarity is reversed
in each gate selection period are alternately supplied to the
signal line. Thus, in the k-th frame, the positive signal voltage
is applied to the pixels 580(;, ;) and 580(i+1, j+1), and the
negative signal voltage is applied to the pixels 580(i+1, j) and
580(i, j+1). Then, in a (k+1)th frame, a signal voltage whose
polarity is opposite to that of the signal voltage written in the
k-th frame is written to each pixel. Thus, in the (k+1)th frame,
the positive signal voltage is applied to the pixels 580(i+1, j)
and 580(j, j+1), and the negative signal voltage is applied to
the pixels 580(i, /) and 580(i+1, j+1). In such a manner, the dot
inversion driving is a driving method in which signal voltages
whose polarity is different between adjacent pixels are
applied in one frame and the polarity of the voltage signal for
the pixel is reversed in each frame. By the dot inversion
driving, flickers seen when the entire or part of an image to be
displayed is uniform can be suppressed while degradation of
the liquid crystal element is suppressed. Note that voltages
applied to all the wirings 586 including the wirings 586(7) and
586(j+1) can be a fixed voltage. Moreover, only the polarity of
the signal voltages for the wirings 584 is shown in the timing
chart, the signal voltages can actually have a variety of values
in the polarity shown. Here, the case where the polarity is
reversed per dot (per pixel) is described; however, this
embodiment is not limited thereto, and the polarity can be
reversed per a plurality of pixels. For example, the polarity of
signal voltages to be written is reversed per two gate selection
periods, whereby power consumed by writing the signal volt-
ages can be reduced. Alternatively, the polarity may be
reversed per column (source line inversion) or per row (gate
line inversion).
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Note that a fixed voltage may be applied to the second
terminal of the capacitor 583 in the pixel 580 in one frame
period. Since a voltage applied to the wiring 585 used as a
scan line is at low level in most of one frame period, which
means that a substantially constant voltage is applied to the
wiring 585; therefore, the second terminal of the capacitor
583 in the pixel 580 may be connected to the wiring 585. FIG.
14E illustrates an example of a pixel structure which can be
applied to the liquid crystal display device. Compared to the
pixel structure in FIG. 14C, a feature of the pixel structure in
FIG. 14E is that the wiring 586 is omitted and the second
terminal of the capacitor 583 in the pixel 580 and the wiring
585 in the previous row are electrically connected to each
other. Specifically, in the range illustrated in FIG. 14E, the
second terminals of the capacitors 583 in the pixels 580(i, j+1)
and 580(i+1, j+1) are electrically connected to the wiring
585(j). By electrically connecting the second terminal of the
capacitor 583 in the pixel 580 and the wiring 585 in the
previous row in such a manner, the wiring 586 can be omitted,
so that the aperture ratio of the pixel can be increased. Note
that the second terminal of the capacitor 583 may be con-
nected to the wiring 585 in another row instead of in the
previous row. Further, the pixel structure in FIG. 14E can be
driven by a similar driving method to that in the pixel struc-
ture in FIG. 14C.

Note that a voltage applied to the wiring 584 used as a
signal line can be made lower by using the capacitor 583 and
the wiring electrically connected to the second terminal of the
capacitor 583. A pixel structure and a driving method in that
case will be described with reference to FIGS. 14F and 14G.
Compared to the pixel structure in FIG. 14A, a feature of the
pixel structure in FIG. 14F is that two wirings 586 are pro-
vided per pixel row, and in adjacent pixels, one wiring is
electrically connected to every other second terminal of the
capacitors 583 and the other wiring is electrically connected
to the remaining every other second terminal of the capacitors
583. Two wirings 586 are referred to as a wiring 586-1 and a
wiring 586-2. Specifically, in the range illustrated in FIG.
14F, the second terminal of the capacitor 583 in the pixel
580(i, j) is electrically connected to a wiring 586-1(j); the
second terminal of the capacitor 583 in the pixel 580(i+1, j) is
electrically connected to a wiring 586-2(y); the second termi-
nal of the capacitor 583 in the pixel 580(7, j+1) is electrically
connected to a wiring 586-2(j+1); and the second terminal of
the capacitor 583 in the pixel 580(i+1, j+1) is electrically
connected to a wiring 586-1(j+1).

For example, when a positive signal voltage is written to
the pixel 580(i, j) in the k-th frame as illustrated in FIG. 14G,
the wiring 586-1(j) becomes low level, and is changed to high
level after the j-th gate selection period. Then, the wiring
586-1() is kept at high level in one frame period, and after a
negative signal voltage is written in the j-th gate selection
period in the (k+1)th frame, the wiring 586-1(;) is changed to
high level. In such a manner, a voltage of the wiring which is
electrically connected to the second terminal of the capacitor
583 is changed to the positive direction after a positive signal
voltage is written to the pixel, whereby a voltage applied to
the liquid crystal element can be changed to the positive
direction by a predetermined amount. That is, a signal voltage
written to the pixel can be reduced accordingly, so that power
consumed by signal writing can be reduced. Note that when a
negative signal voltage is written in the j-th gate selection
period, a voltage of the wiring which is electrically connected
to the second terminal of the capacitor 583 is changed to the
negative direction after a negative signal voltage is written to
the pixel. Accordingly, a voltage applied to the liquid crystal
element can be changed to the negative direction by a prede-



US 9,123,284 B2

55

termined amount, and the signal voltage written to the pixel
can be reduced as in the case of the positive polarity. In other
words, as for the wiring which is electrically connected to the
second terminal of the capacitor 583, different wirings are
preferably used for a pixel to which a positive signal voltage
is applied and a pixel to which a negative signal voltage is
applied in the same row in one frame. FIG. 14F illustrates the
example in which the wiring 586-1 is electrically connected
to the pixel to which a positive signal voltage is applied in the
k-th frame, and the wiring 586-2 is electrically connected to
the pixel to which a negative signal voltage is applied in the
k-th frame. Note that this is just an example, and for example,
in the case of using a driving method in which pixels to which
a positive signal voltage is applied and pixels to which a
negative signal voltage is applied are arranged every two
pixels, the wirings 586-1 and 586-2 are preferably electrically
connected to every alternate two pixels accordingly. Further-
more, in the case where signal voltages of the same polarity
are written in all the pixels in one row (gate line inversion),
one wiring 586 may be provided per row. In other words, in
the pixel structure in FIG. 14C, the driving method where a
signal voltage written to a pixel is reduced as described with
reference to FIGS. 14F and 14G can be used.

Next, a pixel structure and a driving method which are
preferably employed particularly in the case where a liquid
crystal element employs a vertical alignment (VA) mode typi-
fied by an MVA mode and a PVA mode. The VA mode has
advantages such as no rubbing step in manufacture, little light
leakage at the time of black display, and low driving voltage,
but has a problem in that the image quality is degraded (the
viewing angle is narrower) when a screen is seen from an
oblique angle. In order to increase the viewing angle inthe VA
mode, a pixel structure where one pixel includes a plurality of
subpixels as illustrated in FIGS. 15A and 15B is effective.
Pixel structures illustrated in FIGS. 15A and 15B are
examples of the case where the pixel 580 includes two sub-
pixels (a subpixel 580-1 and a subpixel 580-2). Note that the
number of subpixels in one pixel is not limited to two and can
be other numbers. The viewing angle can be further increased
as the number of subpixels is increased. A plurality of sub-
pixels can have the same circuit configuration; here, all the
subpixels have the circuit configuration illustrated in FIG.
14A. The first subpixel 580-1 includes a transistor 581-1, a
liquid crystal element 582-1, and a capacitor 583-1. The
connection relation is the same as that in the circuit configu-
ration in FIG. 14A. Similarly, the second subpixel 580-2
includes a transistor 581-2, a liquid crystal element 582-2,
and a capacitor 583-2. The connection relation is the same as
that in the circuit configuration in FIG. 14A.

The pixel structure in FIG. 15A includes, for two subpixels
forming one pixel, two wirings 585 (a wiring 585-1 and a
wiring 585-2) used as scan lines, one wiring 584 used as a
signal line, and one wiring 586 used as a capacitor line. When
the signal line and the capacitor line are shared with two
subpixels in such a manner, the aperture ratio can be
increased. Further, since a signal line driver circuit can be
simplified, manufacturing costs can be reduced. Moreover,
since the number of connections between a liquid crystal
panel and a driver circuit IC can be reduced, the yield can be
increased. The pixel structure in FIG. 15B includes, for two
subpixels forming one pixel, one wiring 585 used as a scan
line, two wirings 584 (a wiring 584-1 and a wiring 584-2)
used as signal lines, and one wiring 586 used as a capacitor
line. When the scan line and the capacitor line are shared with
two subpixels in such a manner, the aperture ratio can be
increased. Further, since the total number of scan lines can be
reduced, one gate line selection period can be sufficiently

35

40

45

56

long even in a high-definition liquid crystal panel, and an
appropriate signal voltage can be written in each pixel.

FIGS. 15C and 15D illustrate an example in which the
liquid crystal element in the pixel structure in FIG. 15B is
replaced with the shape of a pixel electrode and electrical
connections of each element are schematically shown. In
FIGS.15C and 15D, an electrode 588-1 represents a first pixel
electrode, and an electrode 588-2 represents a second pixel
electrode. In FIG. 15C, the first pixel electrode 588-1 corre-
sponds to a first terminal of the liquid crystal element 582-1 in
FIG. 15B, and the second pixel electrode 588-2 corresponds
to a first terminal of the liquid crystal element 582-2 in FIG.
15B. That is, the first pixel electrode 588-1 is electrically
connected to one of a source and a drain of the transistor
581-1, and the second pixel electrode 588-2 is electrically
connected to one of a source and a drain of the transistor
581-2. In FIG. 15D, the connection relation between the pixel
electrode and the transistor is opposite to that in FIG. 15C.
That is, the first pixel electrode 588-1 is electrically con-
nected to one of the source and the drain of the transistor
581-2, and the second pixel electrode 588-2 is electrically
connected to one of the source and the drain of the transistor
581-1.

By arranging a plurality of pixel structures as illustrated in
FIG. 15C or FIG. 15D in matrix, an extraordinary effect can
be obtained. FIGS. 15E and 15F illustrate an example of such
a pixel structure and driving method. In the pixel structure in
FIG. 15E, a portion corresponding to the pixels 580(7, j) and
580(i+1, j+1) has the structure illustrated in FIG. 15C, and a
portion corresponding to the pixels 580(i+1, j) and 580(7, j+1)
has the structure illustrated in FIG. 15D. When this structure
is driven as shown in the timing chart of FIG. 15F, a positive
signal voltage is written to the first pixel electrode in the pixel
580(i, y) and the second pixel electrode in the pixel 580(i+1, j),
and a negative signal voltage is written to the second pixel
electrode in the pixel 580(7, j) and the first pixel electrode in
the pixel 580(i+1, j). Then, in the (j+1)th gate selection period
in the k-th frame, a positive signal voltage is written to the
second pixel electrode in the pixel 580(i, j+1) and the first
pixel electrode in the pixel 580(i+1, j+1), and a negative
signal voltage is written to the first pixel electrode in the pixel
580(i, j+1) and the second pixel electrode in the pixel 580(i+
1,j+1). Inthe (k+1)th frame, the polarity of the signal voltage
is reversed in each pixel. Accordingly, the polarity of the
voltage applied to the signal line can be the same in one frame
period while driving corresponding to dot inversion driving is
realized in the pixel structure including subpixels, whereby
power consumed by writing the signal voltages to the pixels
can be drastically reduced. Note that voltages applied to all
the wirings 586 including the wirings 586(;) and 586(j+1) can
be a fixed voltage.

Further, by a pixel structure and a driving method illus-
trated in FIGS. 15G and 1511, the level of the signal voltage
written to a pixel can be reduced. In the structure, a plurality
of subpixels included in each pixel are electrically connected
to respective capacitor lines. That is, according to the pixel
structure and the driving method illustrated in FIGS. 15G and
15H, one capacitor line is shared with subpixels in one row, to
which signal voltages of the same polarity are written in one
frame; and subpixels to which signal voltages of the different
polarities are written in one frame use different capacitor lines
in one row. Then, when writing in each row is finished, volt-
ages of the capacitor lines are changed to the positive direc-
tion in the subpixels to which a positive signal voltage is
written, and changed to the negative direction in the subpixels
to which a negative signal voltage is written; thus, the level of
the signal voltage written to the pixel can be reduced. Spe-
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cifically, two wirings 586 (the wirings 586-1 and 586-2) used
as capacitor lines are provided per row. The first pixel elec-
trode in the pixel 580(}, ) and the wiring 586-1(;) are electri-
cally connected through the capacitor. The second pixel elec-
trode in the pixel 580(i, j) and the wiring 586-2(;) are
electrically connected through the capacitor. The first pixel
electrode in the pixel 580(i+1, j) and the wiring 586-2(j) are
electrically connected through the capacitor. The second
pixel electrode in the pixel 580(i+1, j) and the wiring 586-1()
are electrically connected through the capacitor. The first
pixel electrode in the pixel 580(i, j+1) and the wiring 586-2
(j+1) are electrically connected through the capacitor. The
second pixel electrode in the pixel 580(7, j+1) and the wiring
586-1(j+1) are electrically connected through the capacitor.
The first pixel electrode in the pixel 580(i+1, j+1) and the
wiring 586-1(j+1) are electrically connected through the
capacitor. The second pixel electrode in the pixel 580(i+1,
j+1) and the wiring 586-2(j+1) are electrically connected
through the capacitor. Note that this is just an example, and
for example, in the case of using a driving method in which
pixels to which a positive signal voltage is applied and pixels
to which a negative signal voltage is applied are arranged
every two pixels, the wirings 586-1 and 586-2 are preferably
electrically connected to every alternate two pixels accord-
ingly. Furthermore, in the case where signal voltages of the
same polarity are written in all the pixels in one row (gate line
inversion), one wiring 586 may be provided per row. In other
words, in the pixel structure in FIG. 15E, the driving method
where a signal voltage written to a pixel is reduced as
described with reference to FIGS. 15G and 15H can be used.

Embodiment 7

In this embodiment, structures of transistors will be
described. Transistors can be broadly classified according to
materials used for semiconductor layers included in the tran-
sistors. The materials used for semiconductor layers can be
classified into two categories: a silicon based material that
contains silicon as its main component, and a non-silicon
based material that does not contain silicon as its main com-
ponent. Examples of the silicon based material are amor-
phous silicon, microcrystalline silicon, polysilicon, and
single crystalline silicon. Examples of the non-silicon based
material are compound semiconductors such as gallium ars-
enide (GaAs) and oxide semiconductors such as zinc oxide
(Zn0O).

The use of amorphous silicon (a-Si:H) or microcrystalline
silicon for semiconductor layers of transistors has advantages
othigh uniformity of characteristics of the transistors and low
manufacturing costs, and is particularly effective in manufac-
turing transistors over a large substrate with a diagonal of
more than 20 inches. An example of a structure of a capacitor
and a structure of a transistor in which amorphous silicon or
microcrystalline silicon is used for a semiconductor layer will
be described below.

FIG. 16A illustrates cross-sectional structures of a top-gate
transistor and a capacitor.

A first insulating film (an insulating film 7032) is formed
over a substrate 7031. The first insulating film can have a
function of a base film that can prevent impurities from the
substrate side from adversely affecting a semiconductor layer
and changing characteristics of the transistor. As the first
insulating film, a single layer or a stacked layer of a silicon
oxide film, a silicon nitride film, a silicon oxynitride film
(SiO,N,), or the like can be used. In particular, the silicon
nitride film is dense and has high barrier properties, so that the
first insulating film preferably contains silicon nitride. Note
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that the first insulating film is not necessarily formed. When
the first insulating film is not formed, reduction in the number
of'steps and manufacturing costs and increase in yield can be
realized.

A first conductive layer (a conductive layer 7033, a con-
ductive layer 7034, and a conductive layer 7035) is formed
over the first insulating film. The conductive layer 7033
includes a portion functioning as one of a source and a drain
of a transistor 7048. The conductive layer 7034 includes a
portion functioning as the other of the source and the drain of
the transistor 7048. The conductive layer 7035 includes a
portion functioning as a first electrode of a capacitor 7049. As
the first conductive layer, Ti, Mo, Ta, Cr, W, Al, Nd, Cu, Ag,
Au, Pt, Nb, Si, Zn, Fe, Ba, Ge, or the like; or an alloy of these
elements can be used. Alternatively, a stacked layer of such
elements (including the alloy thereof) can be used.

A first semiconductor layer (a semiconductor layer 7036
and a semiconductor layer 7037) is formed over the conduc-
tive layers 7033 and 7034. The semiconductor layer 7036
includes a portion functioning as one of the source and the
drain. The semiconductor layer 7037 includes a portion func-
tioning as the other of the source and the drain. As the first
semiconductor layer, silicon including phosphorus or the like
can be used, for example.

A second semiconductor layer (a semiconductor layer
7038) is formed over the first insulating film and between the
conductive layer 7033 and the conductive layer 7034. Part of
the semiconductor layer 7038 extends over the conductive
layers 7033 and 7034. The semiconductor layer 7038
includes a portion functioning as a channel region of the
transistor 7048. As the second semiconductor layer, a semi-
conductor layer having no crystallinity such as amorphous
silicon (a-Si:H) layer, a semiconductor layer such as a micro-
crystalline silicon (u-Si:H) layer, or the like can be used.

A second insulating film (an insulating film 7039 and an
insulating film 7040) is formed so as to cover at least the
semiconductor layer 7038 and the conductive layer 7035. The
second insulating film functions as a gate insulating film. As
the second insulating film, a single layer or a stacked layer of
a silicon oxide film, a silicon nitride film, a silicon oxynitride
film (SiO,N,), or the like can be used.

Note that for a portion of the second insulating film, which
is in contact with the second semiconductor layer, a silicon
oxide film is preferably used. This is because the trap level at
the interface between the second semiconductor layer and the
second insulating film can be reduced.

When the second insulating film is in contact with Mo, a
silicon oxide film is preferably used for a portion of the
second insulating film, which is in contact with Mo. This is
because the silicon oxide film does not oxidize Mo.

A second conductive layer (a conductive layer 7041 and a
conductive layer 7042) is formed over the second insulating
film. The conductive layer 7041 includes a portion function-
ing as a gate electrode of the transistor 7048. The conductive
layer 7042 functions as a second electrode of the capacitor
7049 or a wiring. As the second conductive layer, Ti, Mo, Ta,
Cr, W, Al, Nd, Cu, Ag, Au, Pt, Nb, Si, Zn, Fe, Ba, Ge, or the
like; or an alloy of these elements can be used. Alternatively,
a stacked layer of such elements (including the alloy thereof)
can be used.

Note that in steps after the second conductive layer is
formed, a variety of insulating films or conductive films may
be formed.

FIG. 16B illustrates cross-sectional structures of an
inverted staggered (bottom gate) transistor and a capacitor. In
particular, the transistor illustrated in FIG. 16B has a channel-
etched structure.
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A first insulating film (an insulating film 7052) is formed
over a substrate 7051. The first insulating film can have a
function of a base film that can prevent impurities from the
substrate side from adversely affecting a semiconductor layer
and changing characteristics of the transistor. As the first
insulating film, a single layer or a stacked layer of a silicon
oxide film, a silicon nitride film, a silicon oxynitride film
(SiO,N, ), or the like can be used. Since the silicon nitride film
is dense and has high barrier properties, the first insulating
film preferably contains silicon nitride. Note that the first
insulating film is not necessarily formed. When the first insu-
lating film is not formed, reduction in the number of steps and
manufacturing costs and increase in yield can be realized.

A first conductive layer (a conductive layer 7053 and a
conductive layer 7054) is formed over the first insulating film.
The conductive layer 7053 includes a portion functioning as
a gate electrode of a transistor 7068. The conductive layer
7054 includes a portion functioning as a first electrode of a
capacitor 7069. As the first conductive layer, Ti, Mo, Ta, Cr,
W, Al, Nd, Cu, Ag, Au, Pt, Nb, Si, Zn, Fe, Ba, Ge, or the like;
or an alloy of these elements can be used. Alternatively, a
stacked layer of these elements (including the alloy thereof)
can be used.

A second insulating film (an insulating film 7055) is
formed so as to cover at least the first conductive layer. The
second insulating film functions as a gate insulating film. As
the second insulating film, a single layer or a stacked layer of
a silicon oxide film, a silicon nitride film, a silicon oxynitride
film (SiO,N,), or the like can be used.

Note that as a portion of the second insulating film, which
is in contact with a semiconductor layer, a silicon oxide film
is preferably used. This is because the trap level at the inter-
face between the semiconductor layer and the second insu-
lating film can be reduced.

When the second insulating film is in contact with Mo, a
silicon oxide film is preferably used as a portion of the second
insulating film, which is in contact with Mo. This is because
the silicon oxide film does not oxidize Mo.

A first semiconductor layer (a semiconductor layer 7056)
is formed in part of a portion over the second insulating film,
which overlaps with the first conductive layer, by a photoli-
thography method, an inkjet method, a printing method, or
the like. Part of the semiconductor layer 7056 extends to a
portion over the second insulating film, which does not over-
lap with the first conductive layer. The semiconductor layer
7056 includes a portion functioning as a channel region of the
transistor 7068. As the semiconductor layer 7056, a semicon-
ductor layer having no crystallinity such as amorphous sili-
con (a-Si:H) layer, a semiconductor layer such as a microc-
rystalline silicon (u-Si:H) layer, or the like can be used.

A second semiconductor layer (a semiconductor layer
7057 and a semiconductor layer 7058) is formed over part of
the first semiconductor layer. The semiconductor layer 7057
includes a portion functioning as one of a source and a drain.
The semiconductor layer 7058 includes a portion functioning
as the other of the source and the drain. As the second semi-
conductor layer, silicon including phosphorus or the like can
be used, for example.

A second conductive layer (a conductive layer 7059, a
conductive layer 7060, and a conductive layer 7061) is
formed over the second semiconductor layer and the second
insulating film. The conductive layer 7059 includes a portion
functioning as one of the source and the drain of the transistor
7068. The conductive layer 7060 includes a portion function-
ing as the other of the source and the drain of the transistor
7068. The conductive layer 7061 includes a portion function-
ing as a second electrode of the capacitor 7069. As the second
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conductive layer, Ti, Mo, Ta, Cr, W, Al, Nd, Cu, Ag, Au, Pt,
Nb, Si, Zn, Fe, Ba, Ge, or the like; or an alloy of these
elements can be used. Alternatively, a stacked layer of these
elements (including the alloy thereof) can be used.

Note that in steps after the second conductive layer is
formed, a variety of insulating films or conductive films may
be formed.

Note that in steps of manufacturing a channel-etched tran-
sistor, the first semiconductor layer and the second semicon-
ductor layer can be continuously formed. Further, the first
semiconductor layer and the second semiconductor layer can
be formed using the same mask.

After the second conductive layer is formed, part of the
second semiconductor layer is removed using the second
conductive layer as a mask or using a mask used for the
second conductive layer, whereby the channel region of the
transistor can be formed. Accordingly, it is not necessary to
use an additional mask that is used only for removing part of
the second semiconductor layer; thus, a manufacturing pro-
cess can be simplified, and manufacturing costs can be
reduced. Here, the first semiconductor layer below a region
where the second semiconductor layer is removed serves as
the channel region of the transistor.

FIG. 16C illustrates cross-sectional structures of an
inverted staggered (bottom gate) transistor and a capacitor. In
particular, the transistor illustrated in FIG. 16C has a channel
protection (channel stop) structure.

A first insulating film (an insulating film 7072) is formed
over a substrate 7071. The first insulating film can have a
function of a base film that can prevent impurities from the
substrate side from adversely affecting a semiconductor layer
and changing characteristics of the transistor. As the first
insulating film, a single layer or a stacked layer of a silicon
oxide film, a silicon nitride film, a silicon oxynitride film
(Si0,N,), or the like can be used. Since the silicon nitride film
is dense and has high barrier properties, the first insulating
film preferably contains silicon nitride. Note that the first
insulating film is not necessarily formed. When the first insu-
lating film is not formed, reduction in the number of steps and
manufacturing costs and increase in yield can be realized.

A first conductive layer (a conductive layer 7073 and a
conductive layer 7074) is formed over the first insulating film.
The conductive layer 7073 includes a portion functioning as
a gate electrode of a transistor 7088. The conductive layer
7074 includes a portion functioning as a first electrode of a
capacitor 7089. As the first conductive layer, Ti, Mo, Ta, Cr,
W, Al, Nd, Cu, Ag, Au, Pt, Nb, Si, Zn, Fe, Ba, Ge, or the like;
or an alloy of these elements can be used. Alternatively, a
stacked layer of these elements (including the alloy thereof)
can be used.

A second insulating film (an insulating film 7075) is
formed so as to cover at least the first conductive layer. The
second insulating film functions as a gate insulating film. As
the second insulating film, a single layer or a stacked layer of
a silicon oxide film, a silicon nitride film, a silicon oxynitride
film (SiO,N,), or the like can be used.

As a portion of the second insulating film, which is in
contact with a semiconductor layer, a silicon oxide film is
preferably used. This is because the trap level at the interface
between the semiconductor layer and the second insulating
film can be reduced.

When the second insulating film is in contact with Mo, a
silicon oxide film is preferably used as a portion of the second
insulating film, which is in contact with Mo. This is because
the silicon oxide film does not oxidize Mo.

A first semiconductor layer (a semiconductor layer 7076)
is formed in a portion over the second insulating film, which
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overlaps with the first conductive layer, by a photolithography
method, an inkjet method, a printing method, or the like. Part
of'the semiconductor layer 7078 extends to a portion over the
second insulating film, which does not overlap with the first
conductive layer. The semiconductor layer 7076 includes a
portion functioning as a channel region of the transistor 7088.
As the semiconductor layer 7076, a semiconductor layer hav-
ing no crystallinity, such as amorphous silicon (a-Si:H) layer,
a semiconductor layer such as a microcrystalline silicon
(u-Si:H) layer, or the like can be used.

A third insulating film (an insulating film 7082) is formed
over part of the first semiconductor layer. The insulating film
7082 has a function of preventing the channel region of the
transistor 7088 from being removed by etching. That is, the
insulating film 7082 functions as a channel protection film (an
etch stop film). As the third insulating film, a single layer or a
stacked layer of a silicon oxide film, a silicon nitride film, a
silicon oxynitride film (SiO,N,), or the like can be used.

A second semiconductor layer (a semiconductor layer
7077 and a semiconductor layer 7078) is formed over part of
the first semiconductor layer and part of the third insulating
film. The semiconductor layer 7077 includes a portion func-
tioning as one of a source and a drain. The semiconductor
layer 7078 includes a portion functioning as the other of the
source and the drain. As the second semiconductor layer,
silicon including phosphorus or the like can be used, for
example.

A second conductive layer (a conductive layer 7079, a
conductive layer 7080, and a conductive layer 7081) is
formed over the second semiconductor layer. The conductive
layer 7079 includes a portion functioning as one of the source
and the drain of the transistor 7088. The conductive layer
7080 includes a portion functioning as the other of the source
and the drain of the transistor 7088. The conductive layer
7081 includes a portion functioning as a second electrode of
the capacitor 7089. As the second conductive layer, Ti, Mo,
Ta, Cr, W, Al, Nd, Cu, Ag, Au, Pt, Nb, Si, Zn, Fe, Ba, Ge, or
the like; or an alloy of these elements can be used. Alterna-
tively, a stacked layer of these elements (including the alloy
thereof) can be used.

Note that in steps after the second conductive layer is
formed, a variety of insulating films or conductive films may
be formed.

The use of polysilicon for semiconductor layers of transis-
tors has advantages of high mobility of the transistors and low
manufacturing costs. Moreover, since little deterioration in
characteristics over time occurs, a high reliable device can be
obtained. An example of a structure of a capacitor and a
structure of a transistor in which polysilicon is used for a
semiconductor layer will be described below.

FIG. 16D illustrates cross-sectional structures of a bottom
gate transistor and a capacitor.

A first insulating film (an insulating film 7092) is formed
over a substrate 7091. The first insulating film can have a
function of a base film that can prevent impurities from the
substrate side from adversely affecting a semiconductor layer
and changing characteristics of the transistor. As the first
insulating film, a single layer or a stacked layer of a silicon
oxide film, a silicon nitride film, a silicon oxynitride film
(SiO,N, ), or the like can be used. Since the silicon nitride film
is dense and has high barrier properties, the first insulating
film preferably contains silicon nitride. Note that the first
insulating film is not necessarily formed. When the first insu-
lating film is not formed, reduction in the number of steps and
manufacturing costs and increase in yield can be realized.

A first conductive layer (a conductive layer 7093 and a
conductive layer 7094) is formed over the first insulating film.
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The conductive layer 7093 includes a portion functioning as
a gate electrode of a transistor 7108. The conductive layer
7094 includes a portion functioning as a first electrode of a
capacitor 7109. As the first conductive layer, Ti, Mo, Ta, Cr,
W, Al, Nd, Cu, Ag, Au, Pt, Nb, Si, Zn, Fe, Ba, Ge, or the like;
or an alloy of these elements can be used. Alternatively, a
stacked layer of these elements (including the alloy thereof)
can be used.

A second insulating film (an insulating film 7104) is
formed so as to cover at least the first conductive layer. The
second insulating film functions as a gate insulating film. As
the second insulating film, a single layer or a stacked layer of
a silicon oxide film, a silicon nitride film, a silicon oxynitride
film (SiO,N,), or the like can be used.

As a portion of the second insulating film, which is in
contact with a semiconductor layer, a silicon oxide film is
preferably used. This is because the trap level at the interface
between the semiconductor layer and the second insulating
film can be reduced.

When the second insulating film is in contact with Mo, a
silicon oxide film is preferably used as a portion of the second
insulating film, which is in contact with Mo. This is because
the silicon oxide film does not oxidize Mo.

A semiconductor layer is formed in part of a portion over
the second insulating film, which overlaps with the first con-
ductive layer, by a photolithography method, an inkjet
method, a printing method, or the like. Part of the semicon-
ductor layer extends to a portion over the second insulating
film, which does not overlap with the first conductive layer.
The semiconductor layer includes a channel formation region
(a channel formation region 7100), a lightly doped drain
(LDD) region (an LDD region 7098 and an LDD region
7099), and an impurity region (an impurity region 7095, an
impurity region 7096, and an impurity region 7097). The
channel formation region 7100 functions as a channel forma-
tion region of the transistor 7108. The L.DD regions 7098 and
7099 function as LDD regions of the transistor 7108. Note
that the formation of the LDD regions 7098 and 7099 can
prevent high electric fields from being applied to the drain of
the transistor, so that the reliability of the transistor can be
improved. Note that the LDD region is not necessarily
formed. In that case, a manufacturing process can be simpli-
fied, whereby manufacturing costs can be reduced. The impu-
rity region 7095 includes a portion functioning as one of a
source and a drain of the transistor 7108. The impurity region
7096 includes a portion functioning as the other of the source
and the drain of the transistor 7108. The impurity region 7097
includes a portion functioning as a second electrode of the
capacitor 7109.

A contact hole is selectively formed in part of a third
insulating film (an insulating film 7101). The insulating film
7101 function as an interlayer insulating film. As the third
insulating film, an inorganic material (e.g., silicon oxide,
silicon nitride, or silicon oxynitride), an organic compound
material having a low dielectric constant (e.g., a photosensi-
tive or non-photosensitive organic resin material), or the like
can be used. Alternatively, a material including siloxane may
be used. Note that siloxane has a skeleton structure formed by
a bond of silicon (Si) and oxygen (O). As a substituent, an
organic group (e.g., an alkyl group or aromatic hydrocarbon)
ora fluoro group may be used. The organic group may contain
a fluoro group.

A second conductive layer (a conductive layer 7102 and a
conductive layer 7103) is formed over the third insulating
film. The conductive layer 7102 is electrically connected to
the source or the drain of the transistor 7108 through the
contact hole formed in the third insulating film. Therefore, the
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conductive layer 7102 includes a portion functioning as the
source or the drain of the transistor 7108. When the conduc-
tive layer 7103 and the conductive layer 7094 are electrically
connected in a portion not illustrated, the conductive layer
7103 includes a portion functioning as the first electrode of
the capacitor 7109. Alternatively, when the conductive layer
7103 is electrically connected to the impurity region 7097 in
aportion not illustrated, the conductive layer 7103 includes a
portion functioning as the second electrode of the capacitor
7109. Further alternatively, when the conductive layer 7103 is
not electrically connected to the conductive layer 7094 and
the impurity region 7097, a capacitor other than the capacitor
7109 is formed. In this capacitor, the conductive layer 7103,
the impurity region 7097, and the insulating film 7101 are
used as a first electrode, a second electrode, and an insulating
film, respectively. Note that as the second conductive layer,
Ti, Mo, Ta, Cr, W, Al, Nd, Cu, Ag, Au, Pt, Nb, Si, Zn, Fe, Ba,
Ge, or the like; or an alloy of these elements can be used.
Alternatively, a stacked layer of these elements (including the
alloy thereof) can be used.

Note that in steps after the second conductive layer is
formed, a variety of insulating films or conductive films may
be formed.

Note that the transistor in which polysilicon is used for a
semiconductor layer can have a top gate structure.

Embodiment 8

In this embodiment, examples of electronic devices will be
described.

FIGS. 17A to 17H and FIGS. 18A to 18D illustrate elec-
tronic devices. These electronic devices can each include a
housing 5000, a display portion 5001, a speaker 5003, an
LED lamp 5004, an operation key 5005, a connecting termi-
nal 5006, a sensor 5007 (a sensor having a function of mea-
suring force, displacement, position, speed, acceleration,
angular velocity, rotational frequency, distance, light, liquid,
magnetism, temperature, chemical substance, sound, time,
hardness, electric field, current, voltage, electric power, radia-
tion, flow rate, humidity, gradient, oscillation, odor, or infra-
red rays), a microphone 5008, and the like.

FIG. 17A illustrates a mobile computer which can include
a switch 5009, an infrared port 5010, and the like in addition
to the above objects. FIG. 17B illustrates a portable image
reproducing device (e.g., a DVD reproducing device) pro-
vided with a memory medium, which can include a second
display portion 5002, a memory medium reading portion
5011, and the like in addition to the above objects. FIG. 17C
illustrates a goggle-type display which can include the second
display portion 5002, a supporting portion 5012, an earphone
5013, and the like in addition to the above objects. FIG. 17D
illustrates a portable game machine which can include the
memory medium reading portion 5011 and the like in addi-
tion to the above objects. FIG. 17E illustrates a projector
which can include a light source 5033, a projecting lens 5034,
and the like in addition to the above objects. FIG. 17F illus-
trates a portable game machine which can include the second
display portion 5002, the memory medium reading portion
5011, and the like in addition to the above objects. FIG. 17G
illustrates a television receiver which can include a tuner, an
image processing portion, and the like in addition to the above
objects. FIG. 17H illustrates a portable television receiver
which can include a charger 5017 which can transmit and
receive signals and the like in addition to the above objects.
FIG. 18A illustrates a display which can include a supporting
board 5018 and the like in addition to the above objects. FI1G.
18B illustrates a camera which can include an external con-
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necting port 5019, a shutter button 5015, an image receiver
portion 5016, and the like in addition to the above objects.
FIG. 18C illustrates a computer which can include a pointing
device 5020, the external connecting port 5019, a reader/
writer 5021, and the like in addition to the above objects. F1G.
18D illustrates a mobile phone which can include an antenna
5014, a tuner of one-segment partial reception service for
mobile phones and mobile terminals (“1seg”), and the like in
addition to the above objects.

The electronic devices illustrated in FIGS. 17A to 17H and
FIGS. 18A to 18D can have a variety of functions, for
example, a function of displaying a variety of information (a
still image, a moving image, a text image, and the like) on a
display portion, a touch panel function, a function of display-
ing a calendar, date, time, and the like, a function of control-
ling processing with a variety of software (programs), a wire-
less communication function, a function of being connected
to a variety of computer networks with a wireless communi-
cation function, a function of transmitting and receiving a
variety of data with a wireless communication function, and a
function of reading program or data stored in a memory
medium and displaying the program or data on a display
portion. Further, the electronic device including a plurality of
display portions can have a function of displaying image
information mainly on one display portion while displaying
text information on another display portion, a function of
displaying a three-dimensional image by displaying images
where parallax is considered on a plurality of display por-
tions, or the like. Furthermore, the electronic device including
an image receiver portion can have a function of shooting a
still image, a function of shooting a moving image, a function
of automatically or manually correcting a shot image, a func-
tion of storing a shot image in a memory medium (an external
memory medium or a memory medium incorporated in the
camera), a function of displaying a shot image on the display
portion, or the like. Note that functions which can be provided
for the electronic devices illustrated in FIGS. 17A to 17H and
FIGS. 18A to 18D are not limited thereto, and the electronic
devices can have a variety of functions.

The electronic devices described in this embodiment each
include the display portion for displaying some sort of infor-
mation. In the electronic device in this embodiment, the
image quality when still images and moving images are dis-
played can be improved the contrast ratio can be increased;
the viewing angle can be increased; no flicker occurs; the
response speed is increased; power consumption can be
reduced; or manufacturing costs can be reduced.

Next, application examples of a semiconductor device will
be described.

FIG. 18E illustrates an example in which a semiconductor
device is provided so as to be integrated with a building. FIG.
18E illustrates a housing 5022, a display portion 5023, a
remote controller device 5024 which is an operation portion,
a speaker 5025, and the like. The semiconductor device is
integrated with the building as a hung-on-wall type and can be
provided without a large space for provision.

FIG. 18F illustrates another example in which a semicon-
ductor device is provided so as to be integrated within a
building. The display panel 5026 is integrated with a prefab-
ricated bath 5027, so that a person who takes a bath can watch
the display panel 5026.

Note that although this embodiment gives the wall and the
prefabricated bath as examples of the building, this embodi-
ment is not limited thereto and the semiconductor device can
be provided in a variety of buildings.
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Next, examples in which the semiconductor device is pro-
vided so as to be integrated with a moving body will be
described.

FIG. 18G illustrates an example in which the semiconduc-
tor device is provided in a vehicle. A display panel 5028 is
provided in a body 5029 of the vehicle and can display infor-
mation input from the operation of the body or the outside of
the body on demand. Note that the display panel 5028 may
have a navigation function.

FIG. 18H illustrates an example in which the semiconduc-
tor device is provided so as to be integrated with a passenger
airplane. FIG. 18H illustrates a usage pattern when a display
panel 5031 is provided on a ceiling 5030 above a seat in the
passenger airplane. The display panel 5031 is integrated with
the ceiling 5030 through a hinge portion 5032, and a passen-
ger can watch the display panel 5031 by extending and con-
tracting the hinge portion 5032. The display panel 5031 has a
function of displaying information when operated by the
passenger.

Note that although this embodiment gives the body of the
vehicle and the body of the plane as examples of the moving
body, this embodiment is not limited thereto. The semicon-
ductor device can be provided to a variety of moving bodies
such as a two-wheeled motor vehicle, a four-wheeled vehicle
(including a car, bus, and the like), a train (including a mono-
rail, a railway, and the like), and a ship.

This application is based on Japanese Patent Application
serial no. 2008-135320 filed with Japan Patent Office on May
23,2008, the entire contents of which are hereby incorporated
by reference.

What is claimed is:

1. A display device comprising a plurality of pixels,

a backlight for emitting light to the plurality of pixels,

wherein in each pixel, a plurality of subframe periods are

provided in one frame period, and a gray level of the
plurality of pixels is expressed in accordance with a time
integration level of instantaneous luminances expressed
in the plurality of subframe periods,

wherein when an average value of gray level data of an

original image is larger than a predetermined value, a
first black display is performed in the plurality of pixels
in one of the plurality of subframe periods,
wherein when the average value ofthe gray level data of the
original image is smaller than the predetermined value,
a second black display is performed in the plurality of
pixels in the one of the plurality of subframe periods,

wherein the second black display includes a black portion
and a brightness portion,

wherein a luminance of the backlight is constant in the

plurality of subframe periods, and

wherein each of the plurality of pixels comprises a semi-

conductor layer comprising an oxide semiconductor.

2. The display device according to claim 1, wherein the
plurality of subframe periods are equal in length.

3. The display device according to claim 1, wherein the
time integration level is increased with respect to the gray
level data by power law.

4. The display device according to claim 1, wherein the
average value of the gray level data of the original image is
obtained by averaging gray levels of some of pixels among
the plurality of pixels.

5. The display device according to claim 1, wherein the
display device is a liquid crystal display device.

6. The display device according to claim 1, wherein the
display device is incorporated into one electronic device
selected from the group consisting of a mobile computer, a
portable image reproducing device, a goggle-type display, a
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portable game machine, a projector, a television receiver, a
portable television receiver, a camera, a computer, and a
mobile phone.

7. A display device comprising a plurality of pixels,

a backlight for emitting light to the plurality of pixels,

wherein in each pixel, a first subframe period and a second
subframe period are provided in one frame period, and a
gray level of the plurality of pixels is expressed in accor-
dance with a time integration level of a first instanta-
neous luminance expressed in the first subframe period
and a second instantaneous luminance expressed in the
second subframe period,

wherein when an average value of gray level data of an
original image is larger than a predetermined value, a
first black display is performed in the plurality of pixels
in the second subframe period,

wherein when the average value of the gray level data ofthe
original image is smaller than the predetermined value,
a second black display is performed in the plurality of
pixels in the second subframe period,

wherein the second black display includes a black portion
and a brightness portion,

wherein a luminance of the backlight is constant in the first
subframe period and the second subframe period, and

wherein each of the plurality of pixels comprises a semi-
conductor layer comprising an oxide semiconductor.

8. The display device according to claim 7, wherein the first
subframe period and the second subframe period are equal in
length.

9. The display device according to claim 7, wherein the
display device is a liquid crystal display device.

10. The display device according to claim 7, wherein the
display device is incorporated into one electronic device
selected from the group consisting of a mobile computer, a
portable image reproducing device, a goggle-type display, a
portable game machine, a projector, a television receiver, a
portable television receiver, a camera, a computer, and a
mobile phone.

11. A display device comprising:

an image feature amount detection portion for detecting
gray level data distribution of gray level data of an origi-
nal image;

a scale factor determination portion for determining a scale
factor in accordance with the gray level data distribution
detected by the image feature amount detection portion;

a gray level data conversion portion for converting the gray
level data of the original image into gray level data of a
first subimage and gray level data of a second subimage
in accordance with the scale factor determined by the
scale factor determination portion; and

a display portion for displaying the first subimage and the
second subimage,

a backlight for emitting light to the display portion,

wherein when an average value of the gray level data of the
original image is larger than a predetermined value, the
second subimage is a black display,

wherein when the average value of the gray level data ofthe
original image is smaller than the predetermined value,
the second subimage includes a black portion and a
brightness portion, and

wherein a luminance of the backlight of the first subimage
and a luminance of the backlight of the second subimage
are the same.

12. The display device according to claim 11, further com-

prising a display control portion that converts the gray level
data converted by the gray level data conversion portion into
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a signal for display, and generates a display control signal for
controlling the display portion.

13. The display device according to claim 11, wherein the

image feature amount detection portion comprising:

agray level data distribution generation portion for reading
and classifying the gray level data of the original image
and generating the gray level data distribution;

a memory for storing the gray level data distribution gen-
erated by the gray level data distribution generation por-
tion; and

an image feature amount calculation portion having a func-
tion of reading the gray level data distribution stored in
the memory and calculating the image feature amount,
and a function of resetting the memory.

14. The display device according to claim 11, wherein the

image feature amount detection portion comprising:

afirst memory for reading a plurality of data of the original
image;

atext region detection portion for detecting a text region in
the display portion from the plurality of data stored in the
first memory, and writing information on the detected
text region to a second memory;
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a gray level data distribution generation portion for reading
and classifying the gray level data stored in the first
memory and generating the gray level data distribution;

the second memory for storing the gray level data distribu-
tion generated by the gray level data distribution genera-
tion portion; and

an image feature amount calculation portion having a func-
tion of reading the gray level data distribution stored in
the second memory and calculating the image feature
amount, and a function of resetting the second memory.

15. The display device according to claim 11, wherein the
display device is a liquid crystal display device.

16. The display device according to claim 11, wherein the
display device is incorporated into one electronic device
selected from the group consisting of a mobile computer, a
portable image reproducing device, a goggle-type display, a
portable game machine, a projector, a television receiver, a
portable television receiver, a camera, a computer, and a
mobile phone.



